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We cer t i fy  that we have read this d i s s e r t a t i o n  and 
that, In our opinion. It Is sa t i s f a c t o r y  In scope and 
q u a l i t y  as a d i s s e r t a t i o n  for the degree of D o ct o r  of 
P h i l o s o p h y  In H o r t i c u l t u r e .
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C a r o t e n o l d s  and c h l o r o p h y l l s  In y e l lo w  petals of 
D e n d r o b l u m  sp ecies and hy bri ds were ex am ine d by 
h i g h - p e r f o r m a n c e  liquid c h r o m a t o g r a p h y  (HPLC). Six 
c a r o t e n o l d s ,  ne ox a n th ln ,  v i o l a x a n t h l n , a n t h e r a x a n t h l n , 
lutein, ze ax a nt h l n,  and g-carotene, and c hl oro phy ll  a and b 
were Id ent if i ed .  Lutein, zea xanthln, and B-carotene were 
the ma j or  pi gm ent s r es p o n s i b l e  for ye ll ow  flower color In 
several d e n d r o b l u m s .  Color was af fe ct ed by the num bers and 
c o n c e n t r a t i o n s  of pigm en ts.
The d e g r a d a t i o n  of flavon ol ds,  ca r o te n o ld s,  and 
c h l o r o p h y l l s  In the flowers at different stages of m a t u r i t y  
w i t h i n  a rac eme  was ex am i n ed  for three pr o ge nie s,  K528 (pale 
yellow ), K637 ( w h i t e - p u r p l e ) ,  and K650 (bright yellow). The 
am ounts of c a r o t e n o l d s  and c h l o r o p h y l l s  In crosses K528 and 
K637 d e c r e a s e d  ra pi dly  after blooming, while cross K650 
m a i n t a i n e d  a high ca r o t e n o l d  content In all stages of 
m a t u ri t y . Flavonol content In all three crosses did not 
show any chan ge over time.
C a r o t e n o l d  and c hlo ro ph yll  changes In growth and 
d e v e l o p m e n t  from the bud stage to flower m a t u r i t y  were 
d e t e r m i n e d  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  In crosses K528 
and K637. All 6 c a r o t e n o l d s  and 2 c h l o r o p h y l l s  In both 
c ros se s de cl i n ed  c o n t i n u a l l y  from the bud stage to 2-4 weeks 
afte r b l oo min g.
ili
The In h e ri t a nc e  of y e ll o w  flower color in D e n d r o b l u m  
ap pe a r s to be complex, since at least 6 c a r o t e n o l d s  and 
c hl o ro p h y ll  a and b have b e e n ' s h o w n  to co- exi st.  
D e g r a d a t i o n  of y e l l o w  pigments is not u nc om mo n, and 
p o l y p l o i d y  fu rther compll-cates the analysis of color 
I nh e ri t a nc e.  Since both c a r o t en o l d and chl orophyll 
c o n c e n t r a t i o n s  In hyb r id s often fall bet we en  those of the 
paren ts,  it appears that yel lo w  color Is m o st ly  
q u a n t i t a t i v e l y  Inhe rit ed alt h ou gh  I n te ra c ti o n s with 
m o d i f y i n g  genes can be si gni fi c an t .
iv
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I. IN T R O DD C T IO N
D e n d r o b l u m  is one of the largest genera In the orchid 
family. It consists of about 1,400 sp ecies d i s t r i b u t e d  In 
tropic al Asia and A u s t r a l a s i a  (Dressier, 1981). This large 
genus has been su bd iv id e d into 41 sec t i on s  based on floral 
and v e g e t a t i v e  c h a r a c t e r i s t i c s  (S chl echter, 1912).
D e n d r o b l u m s  are pop u la r  in Hawaii bec au se  of the 
d i v e r s i t y  In plant form and floral c h a r a c t e r i s t i c s .  They 
haye been w i d e l y  used for lands ca pin g, potted plants, 
corsa ges , and flower ar r a n g e m e n t s .  They are c o m m e r c i a l l y  
c u l t i v a t e d  for potted plant and cut flower sales. In 1983, 
the w h o l e s a l e  values for potted d en d r o b l u m s  and cut 
d e n d r o b l u m s  were 5 1 , 0 3 2 ,0 0 0  and $774,000, r e s p e c t i v e l y  
(Davis and Mar ti n,  1984). The pr o d u c t i o n  of d e n d r o b l u m  cut 
racemes In c rea se d 25% In Hawa ii  during the period 19 7 2- 198 0  
(Leo nha rd t e^ a ^ . , 1981).
The colors of d e n d r o b l u m  flowers vary over a wide range 
of vi si ble  spectra (violet to red) and depend on three major 
groups of pigments: fl avo no lds , ca r o te n o ld s ,  and
c h l o r o p h y l l s .  Most com me rc ial  d e n d r o b l u m  cu l tl v a rs  fall 
Into the flower color ca t e go r i es  of white, purple, and 
p u r p l e - v i o l e t .  Good clear ye ll o w  cut flower c u lt lva rs  are 
sel do m  a v a i l a b l e  In the ma rk et.  Most of them are not pure 
yellow, but mixed with green. This suggests that
c ar o t e n o l d s  and c h l o r o p h y l l s  are found In the ye l lo w  
flower. Ca r o t e n o l d s  and ch l o r o p h y l l s  were observed In m any  
orchid genera other than D e n d r o b l u m  (Dueker and Ardlttl,  
1968; Ardlttl and Ernst, 1969; Harper, 1972b; Lo w ry  and 
Keong, 1973; Gr le s b ac h,  1983 and 1984). Howeve r,  no studies 
of m e t h o d o l o g y  on e x t r a c t i o n  and I d e n t i f i c a t i o n  of 
c a r o t e n o l d s  and c h l o r o p h y l l s  have been reported.
A b r e e d i n g  p r o g r am  for Im proving yel lo w d e n d r o b l u m  
c u l t lv a r s was In it ia ted  at the U n i v e r s i t y  of Hawaii in 1971. 
Over 100 cro s s es  have been made to date. Most of the 
pr og e n ie s  are p o l y p l o i d s  and have a n ce sto rs  from sections 
Cerat o b lum  and P h a l a e n a n t h e . O b s e r v a t i o n s  to date suggest 
that lav e nd e r  and purple are dominant to white. A pro b l em  
e n c o u n t e r e d  Is that y e l l o w  flower color often fades after 
bl oo m in g .  Due to the re l a t i v e l y  long life cycles of 4-5 
years, gen et ic  studies In D e n d r o b l u m  are still In Its 
inf an c y c o mpa re d to other crops such as pe tunia and corn.
The p u rp o se  of this study Is to de v el op  a m e t h o d o l o g y  
for i d e n t i f i c a t i o n  of c a r o t e n o l d s  and c h l o r o p h y l l s  In flower 
tissue, to exa mi ne  the d e g r a d a t i o n  of flower pi gments, and 
to e l u c i da t e  the I n h e r it a nc e of yel low  flower pigments.
Such k n o w l e d g e  should aid In the breed ing  p r o g r am  for the 
de v e l o p m e n t  of Improved y e l l o w  D e n d r o b l u m  cu ltl va rs .
2
II. RE V I E W  OF L IT ER A TU R E
2.1 Y e l l o w  Flower Pi g m en ts
C a r o t e n o l d s  and fl av o n ol d s  are the 2 groups of pigmen ts  
d e t e r m i n i n g  y e l l ow  color of flowers'. Car ot e no ld s ,  
a c c u m u l a t i n g  In ch l o r o p l a s t s  and c h r o m o p l a s t s , are fat 
so luble pigme nt s. Before blo o mi ng  stage, flowers have high 
ch l o r o p h y l l  content and show strong green color. At 
b l o o m i n g  stage, c h l o r o p h y l l s  degrade while c a r o t e no l d s  
I nc re as e and a c c u m u l a t e  In c h r o m o p l a s t s . H ow eve r,  some 
genera of orchids, such as C y m b l d l u m . E p l d e n d r u m , C y c n o c h e s , 
and C a t a s e t u m  are found to m a i n t a i n  ch l o r o p h y l l s  (Ardlttl 
and Ernst, 1969). Duek er and Ardlttl (1968) showed that 
green C y m b l d l u m  fl owe rs conta in s both chloro ph yll  a and b 
and can carry out p h o t o s y n t h e s i s .  C a r o te n o ld s ,  pr o duc in g  
yellow, orange, and red colors, are divided Into three main 
groups: (1 ) h i g h l y  oxidi ze d x a n t h o p h y 1 1 s , ( 1 1 ) ca ro te nes ,
and (111) h i g h l y  spec 1e s - s p e c 1 f 1c pigments (Goodwin, 1980).
Fl a v o n o l d s ,  wh ic h are mo st ly  water soluble pigments 
c o n t a i n e d  In v a cu ol es , produce colors In all vis ibl e sp ectra 
except green. Wit hi n  this group, fl avonols, chal co ne s, and 
au ro n e s play Important roles In giving ye ll ow  color 
( Ro b in son , 1975). Y e l l o w  flav ono ls owe their color to the 
p r e s en c e  of an extra hydroxy l (or m e t h ox y l)  group In the 6- 
or 8- p o s i t i o n  of the ar o ma ti c  A-rl ng of their st r u ct u r es
( H a r b o r n e , 1982).
Y e l lo w  flowers u s ua l l y co ntain x an t h o p h y l l s  such as 
z e a x a n t h l n  and Its 5 ,8- e p o x l d e s , au rox a n th ln ,  and 
f 1 a v o x a n t h l n , w h e re a s deep orange flowers may have large 
amo un t s of g - c a r o t e n e  or a l t e r n a t i v e l y  lycopene (Vick ery  and 
Vi cke ry , 1981; Ha rb o r ne ,  1982). Fl av o n ol d s  make mi nor 
c o n t r i b u t i o n s  to y e l l o w  color (Harborne, 1982).
V a l a d o n  and M u m m e r y  (1968a) stated that "the floral 
parts are y e l l o w  or orange d e p e nd in g  on what c ar o t e n o l d s  are 
prese nt,  w h ich  Is the majo r one and the amount of total 
c ar o t e n o l d s ,  and also on the presen ce  of other 
n o n - c a r o t e n o l d  pi g me n t s. "
G o o d w i n  (1980) co mp i l ed  ref er enc es about ca r o t e n o l d  
d i s t r i b u t i o n  In flower petals from more than one hu ndred  
species. Some of them have a few c a r o t en o l ds  but some have 
up to 21 as In Rosa spp. This Infers that ca r ot e n ol d  
c o m p o s i t i o n  of m any  flower petals Is com pl ex  (Spu rge on  and 
Porter, 1980).
In O r c h l d a c e a e ,  over 100 fl owers from d i ff er en t orc hids 
were an a ly s e d  by s p e c t r o s c o p i c  and c h r o m a t o g r a p h i c  methods.  
The num b e r  of s ep ara te d pigment comp ou nds  ranged from 6 to 
25 In any given flower (Harper, 1972a). a - C a r o t e n e ,  
g-caro ten e,  ly c o xa n t hl n,  xan th o ph yl l , v l o l a x a n t h l n ,  and 
f u c o x a n t h l n  were found In both the ch r o m o p l a s t s  and 
c h l o r o p l a s t s  of the flower tissue (Ardlttl and Ernst,
4
1969), In ca tt le y a flowers, flavanon es and fl a v an o n ol s  
p r o du c e  very light y e ll ow  or light cream color; flavon es and 
f la v on ols , light yellow; and chalcon es , a u r o n e s , and 
I s o f l a v on e s , bright y e ll o w  (Harper, 1972a). Lo wr y and K e on g  
(1973) found c ar o t e n o l d s  In some M a l a y s i a n  orchids, such as 
S p a t h o g l o t t l s  a u r e a , D e n d r o b i u m  c r o c a t u m . and O n c l d l u m  
s p h a c e l a t u m . S i c . F a l c o n 'A 1 e x a n d e r 1', a st ri ki ng orange and 
red flower, contai ns a c o m b i n a t i o n  of both ca r o t e n o l d s  and 
a n t h o c y a n l n s  , wh ere as  most of the bright yel l o w flowers, 
such as B 1 c . Jane He lt on,  contains m o st l y  c a r o t e n o l d s  
( H a r p e r , 1972a).
In C o m p o s l ta e ,  e p o x y - c a r o t e n e s  and x a n t h o p h y l l s  were 
found In large am ou nt s and were the m ai n pigments (Valadon 
and Mu m me r y ,  1967). In Ro s ac eae , epoxy ca rot e n ol ds .  
I n c l u d i n g  m o n o e p o x y - ,  dl e p ox y -  of a - and g - c a r o t e n e  and the 
ep ox i de s  of c r y p t o x a n t h l n , lutein, and z e a x an t hl n  were found 
in large am ounts (Valad on and Mummery, 1968b). Over 80% of 
the c a r o t e n o l d s  In M l m u lu s  cypreus (V. Red E mp ero r)  was 
g-carotene and the ba la nce  was small amounts of three 
x a n t h o p h y l l s .  In co ntrast, about 1% of the total 
c a r o t e n o l d s  In M. tr l grl nus  was g - c a r o t e n e  and the re m ai nde r  
was a c o m p le x  m i x tu r e  of x a nt h o p h y l l s  (Goodwin and Th omas,
1964). In D e l o n l x  regia of the family L e g u m l n o s a e ,  wh ich 
pr od u c es  cl u st e r s of o r a n g e - r e d  flowers, 34.0% by weight of 
the total c a r o t e n o l d s  was g-c ar ot ene  followed by 1 1 .2 %
Y ” ca r ot ene , 10.0% r u b l x a n t h l n , 7.7% phyt oe ne,  5.0% 
c l s - r u b l x a n t h i n , 4.6% p r o l y c o p e n e ,  and 4.3% lycopene 
(J u n g a l w a l a  and Cama, 1962). In R h o d o d e n d r o n  species and 
cu lt l va r s ,  g - c a r o t e n e ,  p ro lyc op en e, a - c a r o t e n e - 5  , 6- e p o x l d e , 
lutein, and l u t e l n - 5 ,6- e p o x l d e  were the ma jo r ca ro t e no ld  
pi gm e n ts  found In y e l l o w  petals (Sa nt am o u r and Dumuth,
1978) .
2.2 B i o s y n t h e s i s  of Flower Pi gm ent s
2.2.1 C a r o t e n o l d s
B i o s y n t h e s i s  of c ar o t e n o l d s  has been reviewed recen tl y  
by S p u r g e o n  and P o r t e r  (1983) and P o rt e r  ^  al^. ( 1984) The 
pa th w a ys  start from the fo r m at i o n of Isopentenyl 
p y r o p h o s p h a t e ,  fo ll owe d by the for ma tio n of phytoene, 
lyco pen e,  cyclic car ote n es ,  and o x y g e n at e d  c a ro t e no ld s .
Two m o l e c u l e s  of a c e t y l - C o A  form Is opentenyl 
p y r o p h o s p h a t e ,  a f i v e - c a r b o n  compound, by six 
e n z y m e - c a t a l y z e d  rea ct io ns.  I n t e r m e d i a t e  c o m pou nd s are 
a c e t o a c e t y l - C o A ,  HMG-Co A,  m e v a l o n i c  acid, m e v a l o n i c  acid 
5 - p h o s p ha t e , and m e v a l o n i c  5 - p y r o p h o s p h a t e ,  re s p ec tiv el y.
Is op e nt e n yl  p y r o p h o s p h a t e  Is Iso me rl zed  to 
d l m e t h y l a l 1 yl p y r o p h o s p h a t e .  It then conde ns es  with a 
m o l e c u l e  of Is op en ten yl p y r o p h o s p h a t e  to form geranyl 
p y r o p h o s p h a t e  (C-10). S u b s e q u e n t l y  a mol e c ul e  of
Is op e nte ny l p y r o p h o s p h a t e  Is added to form farnesyl 
p y r o p h o s p h a t e  (C-15) and g e r a n y lg e r an yl  py r o p h o s p h a t e  
(C-20), r e s p e c t iv e l y.  Two m o l e cu l e s of g e ra n y lg e r an yl  
p y r o p h o s p h a t e  are c o n ve r t ed  to p r ep h y to en e  p y r o p h o s p h a t e  
fo ll o w ed  by c l s - p h y t o e n e  (C-40) In most orga nis ms  (Porter 
a^., 1984).
P hy to en e Is d e s a t u r a t e d  to phy to f l ue n e , C - c a r o t e n e ,  
n e u r o s p o r e n e , and lyco pen e,  resp ec tiv ely .
L y c o p e n e  Is c o n v e r te d  to cyclic car ot en es,  but little 
Is k n ow n  about the num be r and c h a r a c t e r i s t i c s  of the enzyme-s 
(Porter e^ al_. , 1984). The first c y c l l z a t l o n  react ion  
forms Y “ ®nd 6- c a r o t e n e s  and the second forms g - and 
a - c a r o t e n e s .
Af ter c y c l l z a t l o n ,  x a n t h o p h y 1 1 s , such as lutein and 
z e a x a n t h l n  occur by the a d d i t i o n  of hydro xyl  groups 
(Spu rge on  and Po rt er,  1983). The pa thw ay of lutein 
b i o s y n t h e s i s  Is not cle a rl y known, but lutein p r o b ab l y  Is 
s yn t h e s i z e d  from a - c a r o t e n e  by the way of oi - c r y p t o x a n t h l n  
(S pu r g eo n  and Porter, 1983). M c D e rm o t t ^  ( 1974 )
st udi ed  a l t e r n a t i v e  pa thw ay s of z e a x an t hl n b i o s y n t h e s i s  In a 
F l a v o b a c t e r l u m  species by using nicoti ne as an Inhibitor. 
T hey  found that ly co pen e was co nv e rt e d  Into g-carotene under 
a n a e r o b i c  c o n d i t i on s  and Into ze a x an t h ln  In the pre s en c e  of 
0 2 * The a l t e r n a t i v e  pa th w a y of z e a x a nt h l n b i o s y n t h e s i s  
was the c o n v e r s i o n  of r u b l x a n t h l n  Into z e a x a n th ln  via
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g- cry pt ox an t h ln .
In the v l o l a x a n t h l n  cycle, o c cu rri ng  In the 
c h l o r o p l a s t s  of highe r plants, v l o l a x a n t h l n  Is formed by the 
e p o x l d a t l o n  of z e a x a n t h l n  In which a n t h e r a x a n t h l n  occurs as 
an In t e rm e d ia t e .
Ca r o t e n o l d  b i o s y n t h e s i s  Is regulated by e nv i r on m e nt a l  
fac tors such as light, a v a i l a b i l i t y  of oxygen, tem pe ra t u r e,  
nut rit i o n,  and pH ( S p u rg e o n and Porter, 1983). 
P h o t o r e g u l a t i o n  of c a r o t e n o l d  bi o s y n t h e s i s  has been studied 
e x t e n s i v e l y  by many worke rs .
2.2.2 C h i o r o p h y l 1 s 
C a s t e l f r a n c o  and Beale (1983) reviewed recent advances 
and areas of c u r r e n t .Interest In chlorop hy ll  b i o s y n t he s i s.  
Th ey re po rte d that the earlie st p re cu rs or of chlorop hy ll  
b i o s y n t h e s i s  Is 6 - a m i n o l e v u l 1nlc acid (ALA), formed by the 
Intact carbon s k e le t on  of gl u ta mat e or a - k e t o g l u t a r a t e  In 
plants and algae. Two ALA units form p o r p h o b l 1 1 Inog en (PBG) 
units. Four PB G units are then linked together In a 
h e a d - t o - t a l l  sequen ce  to produce an un st ab le linear 
t e t r a p y r r o l e  follo we d by the fo r mat ion  of u r o p o r p h y r i n o g e n  
III, c o p r o p o r p h y r l n o g e n  III, p r o t o p o r p h y r i n o g e n  IX, 
p r o t o p o r p h y r i n  IX, M g - p r o t o p o r p h y r l n  IX, M g - p r o t o p o r p h y r l n  
IX m o n o m e t h y l  ester. M g - 2 , 4 - d 1 v i n y l - p h e o p o r p h y r 1n ,
p r o t o c h l o r o p h y l 1 1 d e , c h i o r o p h y 1 1 1 d e , g e r a n yl g er a n yl
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c h l o r o p h y l l I d e , and ch lo ro ph y ll  a, re s pe cti ve ly .
In the leaves of high er  plants, c h lo r o p l a s t s  n o r m a l l y  
d e v el o p  from p r o p l a s t l d s  when the leaves are I ll u m in a t ed  by 
v i s ib l e  light (Tevlnl, 1977). Eti o l at e d  leaves and 
et l o p l a s t s  con tai n m a i n l y  p r o t o c h l o r o p h y 1 1 1 d e , wh ic h will be 
c o n v e r t e d  by light to c h i o r o p h y 1 1 1 d e .
A c c o r d i n g  to C a s t e l f r a n c o  and Beale (1983), "The final 
step of Chi a f o r ma t i on  Involves a d d i t io n  of the long chain 
p o l y l s o p r e n e  phytyl moiety. This process Is Initi at ed  by 
e s t e r l f 1c a 1 1 on of the p r o p io n ic  acid on ring D with 
g e r a n y l g e r a n l o l  (a c t iva ted  as the p y r o p h o s p h a t e  ester) and 
su bs e qu e n t r e d u c t i o n  of the g e r a n y l g e r a n y l  group *to phytyl. 
The a v a i l a b l e  ev id e n ce  sugges ts that Chi b Is derived  
d i r e c t l y  from Chi a by o x i d a ti o n  of the methyl group on ring 
B to a formyl group".
2.2.3 F I a v on o l d s
F l a v o n o l d s  are the largest groups of plant ph e no llc s 
that have C 15 s k e l e to n  (C5- C 3- C 6 ). Cur re n tl y,  225 
a n t h o c y a n l d i n s  and a n t h o c y a n l n s , 68 flavon es  and flavonol s,  
and 486 flavone and flavonol gl yco si d es  are k no wn  (Harborne 
and Mabry, 1982). K n o w l e d g e  of chemical compou nd  str uc tu res  
In the fl a v on ol d  b i o s y n t h e s i s  pa thway come from tracer 
studies, which  st arted around 1957 (Harborne a^. , 1975). 
They de r iv e  from p r odu cts  of two pathways, shlklm lc  acid and
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a c e t a t e - m a l o n a t e  pa thways. B a s i c al l y  ring A Is formed by 
h e a d - t o - t a l l  c o n d e n s a t i o n  of three 'acetate units', whereas 
ring B and the three carbons of the central ring are derived 
from ci nn a m ic  acid (Vick ery  and V ic ker y,  1981).
Koukol and Conn (1961) di s c ov e r ed  p h en y l a l a n i n e  
a m m o n l a l y a s e  (PAL), the first enzyme of the p h e n y l p r o p a n o 1d 
pathway. That was the be g i n n i n g  of enzymic studies on 
fla von o ld s .  S u b s e q u e n t l y  cell su s pe n s io n  cultu re s from 
var io u s plants, such as soy b e an  and parsley, were used for 
s t u dy i n g en zy mic  control In the bi o s y n t h e s i s  of fl avo n o ld s .  
Ne ar l y  all of the en zymes Invol vin g In flavo no ld  
b i o s y n t h e s i s  have been p uri fi ed  from pa rs l e y cell cultures 
( H a h l b r o c k  and G r l s e b a c h ,  1979; Hah lb roc k, 1981).
The role of PAL, wh ich has been ex t e n s i v e l y  studied. Is 
to c a t a l y z e  L - p h e n y l a l a n l n e  and L - t y r o s l n e  Into 
t r a n s - c l n n a m l c  acid + a m m o n i a  and t r a n s - p - c o u m a r 1 c acid + 
ammonia , r e s p e c t iv e l y.  PAL ac t iv i t ie s  are s t i m ul a t ed  and 
In cr e as e d  by adding sucrose solution, light + C O 2 , or red 
light r e su lti ng  In I n c r e as i n g p he nol ic  compound synt he sis  
(Cam and T ow ers , 1977).
The a d d it i o n r e a c ti on  of p- co um arl c and malonyl CoA, 
de ri v ed  from acetic acid, produ ces  a chalcone de r iv a t i ve .  
This is the key r e act ion  In flav ono ld b i os y n t h e s i s ,  since 
c h a l co n es  are co ns i de r e d as the pre cu rs o r s of all other 
cl asses of flavono ld , such as aurones, fl av ano nes , flavones.
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fl av on ols , a n t h o c y a n l n s  , 1sof 1a v o n o 1 d s , etc. ( V i ck e r y and 
Vi cke ry , 1981).
Pecket and Small (1980) In v e st ig a te d  a n t h o c y a n o p l a s t s  , 
the I n t e n s e l y  p i g me n t ed  or ga n el l e s found In 
a n t h o c y a n l n - p r o d u c l n g  cells of more than 70 species, 
r e p r e s e n t i n g  at least 33 fa mi lie s of ang lo s pe r m s .
H y p o d e r m l s  and epi d e rm i s  of hypoc ot yl  and co ty l ed o n s of red 
cab ba g e (B r a s s lc a  o l e r a c e a ) were observed. Most rapid 
a n t h o c y a n l n  synth es is was found 2 days after ge r mi n a ti on .  
Also num er o us  u n a s s o c i a t e d  small red vesicl es were present 
In the va c u ol e s . By the fo ll o wi ng  day the red vesic les  
a p p e a r e d  to a s s o c i a t e  and were fewer In number. La te r  one 
v e s i c l e  bec am e s u b s t a n t i a l l y  larger than the others. The 
la rg e r  red b ody  ob se r v ed  2-5 days of age In c re ase d In size 
from 3.2 y - 10.6 y and 2.4 y - 8.1 p In light and dark 
grow n see d li n g  cells, r e sp ect iv ely . This large red body was 
I d e n t i fi ed  as an a n t h o c y a n o p l a s t .  By using Isolated 
pr o t o p l a s t s  and va cuoles, they sug gested that the 
a n t h o c y a n o p l a s t  was m e m b r a n e - b o u n d e d ,  located In the cell 
va cu o le ,  and was the site of a n t h o c y a n l n  b i os y n t h e s i s .  W he n  
pigment has been formed. It will leak Into the cell vacuol e.
F l a v o n o l d  b i o s y n t h e s i s  In plants Is re g ula ted  by 
v a r i ou s  en do g e no u s  and e xo ge no us factors. Most r e sea rch  has 
e m p h as i ze d  p h y s i o l o g i c a l  rather than bi o ch e m ic al  aspects. 
Some p h ys i o l o g i c a l  factors, such as light and Ionizin g
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ra dia ti on , t e m p e ra t u re  effects, water and a t m o s p he r i c  
chang es,  c a r b o h y d r a t e s  and flavonoid levels, mineral 
n u t r it i on ,  me c h a n i c a l  damage and path og eni c attack, and 
plant growth su bs ta nce s, were reviewed In detail by Mc Cl ure
(1975).
2.3 F u n c t i o n  of Flower Pi gm e nt s
F l a v o n o l d s  pro duce all colors of the visible s p e c tr u m  
except green. A n t h o c y a n l n s  give purple, blue, orange, and 
red; flav on es , flavonol s,  chalcone s,  and aurones produce 
yellow; fl a v a n o n e s  and f l a v a no n o ls  are col or les s, or 
s l i g h t l y  y e l l o w  ( Ro b in son , 1975). They attract Insects, 
birds, and animals, the agents of p o l l i n a t i o n  and seed 
d i s p er s al .  Most c o r r e l a t i o n s  bet w e en  flower color and the 
types of insects that visit them can be at t r ib ut e d,  at least 
In part, to the fl a v on ol d s (H arborne £t_ a^. , 1975 ). Most of 
the species of G r a m l n e a e  do not s yn t he siz e a n t h o c ya n l ns ,  
p r e s u m a b l y  because their flowers are wind po lli na t ed  
(V ick er y and V i cke ry , 1981).
Pljl and D o d s o n  (1969) listed some orchid species and 
their k n ow n  po l l i n a t o r s  In 113 genera. The major groups of 
p o l l i n a t o r s  that visit orchid flowers are bees, moths and 
b u t t e r f l i e s ,  birds, and flies. Bees percei ve u l t r av i ol e t  
light, but not red, so they react to blue, violet, purple, 
yellow, and white. Moths m o s t ly  fly at night, so flowers
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tend to open at night and some close during the day.
F l o we r s  po ll i na t e d by moths are c om mon ly  white, creamy, or 
green. Bu t te rf l ie s  fly In the daytime and prefer vivid 
colo rs In c lu d i ng  red. Birds tend to p ol li na te flowers with 
vivid colors, often scarlet or with c o n t r a s t i n g  p a r r o t - l l k e  
colors. Files visit flowers of which color Is often dull or 
green.
H a r b o r n e  (1982) poi n t ed  out that the m ix tu re s of two 
u n r e l a t e d  classes of y e l lo w  pigment, e s p e c i a l l y  of 
c a r o t e n o l d s  and y e l l o w  flavono ld s,  are often found In petals 
of m e m b e rs  of the C o m p o s lt a e . This seems w as tef ul  In terms 
of b i o s y n t h e t i c  potential for plants to produce two classes 
of co m p o u n d s  to carry out the same function. In Ru db e ck l a  
hlrt a ( C o m p o sl t a e) ,  h o w ev e r there Is se p ar at i on  of fu nc tio n  
of the two types of y e l l o w  pigment (Th om pso n j ^ . , 1972; 
H a r b or n e,  1982). The c a r o t e n o l d  provides the general y e l lo w  
color In order to attract bees from a dis tance. Three 
flavonol gl uco sl d es ,  which show Intense spectral a b s o r p t i o n  
at 340 to 380 n m , are re st r ic t e d In d i s t r i b u t i o n  to the 
petal bases. The f l av ono ls  act as a UV h o n e y guide, 
d i r e c t i n g  the U V - s e n s l t l v e  bee once It has landed on the 
flower head to the nectar In the center of the blossom.
F l a v o n o l d s  have other functions. They pro vide 
p r o t e c t i o n  against damage from UV light be cau se of their UV 
light abs or p ti o n . Othe r func ti ons  Include growth
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r e g u la t io n ,  enzyme In hi bi tio n,  pre cu rso rs of toxic 
s ub s t an c e s,  p hy t o al e x in s,  and m a i n t a i n i n g  Ion ba la nce  
(Ha rbo rn e ^  al_. , 1975 ; Harbo rn e,  1977 ; Hah lb roc k,  1981).
C a r o t e n o l d s  are found both In the c h l o r o pl a s ts  of 
p h o t o s y n t h e t 1c tissue (leaves and green tissue) and In the 
c h r o m o p l a s t  of n o n - p h o t o s y n t h e t 1 c tissue (flowers, fruits, 
and other y e l l o w  and orange tissue). C a r o t e n o l d s  fun c t io n  
as (1) a c c e s s o r y  1 1 g h t - h a r v e s t 1ng pigments In p h o t o s y s t e m  I 
and II for t r a n s f e r l n g  radiant energy to ch lor op hyl l 
(Cogdell, 1 9 7 8 ), (11) p r o t e c t i v e  agents against p h o t o d y n a m i c  
eff ect s to c h l o r o p h y l l s  (Krlnsky, 1978), and (111) the role 
of v l o l a x a n t h l n  cycle, which has been e x t e n s i v e l y  studied by 
ma n y  w o r ke r s (Y a ma m o to  J_1 . , 1962; Sap oz hn l k ov ,  1973 ; 
S l e f e r m a n n  and Ya m a m o t o ,  1975). The role of v l o l a x a n t h l n  
cycle, wh ic h Is not c l e ar l y  known. Is p ro po se d by 
S a p o z h n l k o v  (1973) as oxy gen  e v o l u ti on  In p h o t o s y n t h e s i s .  
S l e f e r m a n n  and Y a m a m o t o  (1975) di s cu sse d oxygen evolutio n,  
N A D P H  o x i d a t i o n  function. These functions are not possib le  
b e c a us e  of low oxy g en  uptake and no light r e qu i re me nt for 
e p o x i d a t l o n  In Isola te d c h lo r o p l a s t s .  In addition, they 
s u g g es t ed  that its fu nc t i on  could be part of a r e g u la t o r y  
sys te m  for p h o t o s y n t h e s i s ,  which functions at the me mb r an e  
level by alt e r in g  Its p r o p e rt ie s  due to the ef fects of 
v l o l a x a n t h l n / z e a x a n t h l n  ratio.
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2.4 D e g r a d a t i o n  of Flower Pig me n ts
It Is a c cep ted  that phen ol lcs  are not the end products 
that ac c u m u l a t e  u n c h a n ge d In plant cells. There Is 
co nt i nu a l  synthesis, turnover, and d e g r a d a t i o n  (Bell and 
Ch ar l wo o d , 1980). T u r n o v e r  is more rapid In floral tissues 
than In leaf tissues or other organs bec ause the time 
r e q u i r e me n t  for floral p i g m e n t a t i o n  Is quite short. Jones 
and B u c h m a n n  (1974) found m o rp h o l o g i c a l  and phy si o l og i c al  
ch an g e s In floral color patter ns foll owi ng p ol l i n a t i o n  In 
T r l g o n a  f u s e l p e n n l s  and T r 1 gona p e c t o r a l 1 1 s , which a pp ear ed  
to Inhibit v i s i t a t i o n  by bees. In P e t u n l a  h y b r 1 d a . the half 
life of a n t h o c y a n l n s  based on d e l p h l n l d l n  Is only 25-31 
hours (Steiner, 1971). In D e n d r o b l u m  species and hybrids, 
flowe r l o n g e v i t y  varies from 1-55 days, but di ff er ent  plants 
In one species or hyb ri d  u s u al ly  have the same l o n ge v it y  
(Goh ^  al^. , 1982) .
T u r n o v e r  of ph en o l ic  plant products may Involve three 
types of reaction; (1) I n t e r c o n v e r s i o n ,  (11) ca ta bo li s m,  and 
(111) o x i d a t iv e  p o l y m e r i s a t i o n  re actions (Barz and Hoesel, 
1978). Removal of sugars from phenol g l yc osi de s Is 
g e n e r a l l y  co n s i d e r e d  to be one of the first steps In 
c a t a b o l i c  pa th wa ys by g l y c o h y d r o l a s e s  (Barz and Ho es el ,
1978; V i c k e r y  and V ic ker y, 1981). Barz and Hoesel (1978) 
s u m m a r i z e d  var iou s d e g r a d a t i o n  e xp er i me n t s with label le d 
f l a v o n o l d s  In di ff er e nt  cell su sp e n si on  cultur es  and with
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en zymes (m os tly  per ox id as e s)  from various sources.
Color changes with age In petals has been studied In 
ma ny plants. Most studies Involved the re l a t i o n s h i p s  among 
a n t h o c y a n l n s , c o - p l gm e nt s (mostly flavone and flavonol), and 
the pH of epi dermal cells. These studies were done with 
m o r n i n g  glory (Matlle and W ln k e nba ch,  1971; Asen e_^  al . ,
1977 ), Fuchsia h y b r 1 da (Yazakl , 1976), and more than 250 
plants of many families (Stewart ^t^ al_. , 1975 ). The results 
I n d i ca t e d that pH cha n g ed  with age, r e s ul t i ng  In ch an g in g  of 
colors (Jurd, 1972; Stewart e£ , 1975).
Yazakl ( 1976) st udi ed  c o - p l gm e n ta t  1 on and color change 
with age In petals of Fuchs 1 a h y b r l d a . The bl ue -v lo l et  
color of young F u c h s i a  peta ls appea re d at pH 4.8 In the 
1:0.6 m o l ar  ratio of a n t h o c y a n l n  to co - p lg m e nt s.  The color 
chan ge from b l u e - v l o l e t  In young petals to p u r p l e - r e d  In old 
petals was caused by co - p l g m e n t a t  1 on and pH change from 4.8 
to 4.2. The d e c re a s e of pH In the old petals was due to the 
In cr e as e  of or ga ni c acids, such as aspartic, malic, and 
t ar t a r i c  a c i d s .
There Is no u n i f o r m  trend In color change of aging 
petals due to a n t h o c y a n l n s . Pigmen ts  remain stable In some 
flowe rs,  de cline d r a s t i c a l l y  In others, wh ereas In some 
flowers a dr am a t ic  sy n th esi s of an t h o c y a n l n s  Is evident 
(Thlmann, 1980). For example, at sen esc e nc e ,  a n t h o c y a n l n s  
de c r ea s e  sh ar ply  In c h r y s a n t h e m u m s  (S tlckland, 1972) and
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L a t hy r u s  h i r su t us  (Packet, 1966), but flavonol gl yc os id e s  
(q u e r c e t l n  and k a e m p fe r ol ) In L a t h yr u s  hi rs u t us  remain 
u n c h a n g ed .  In D i g i t a l i s  p u r p u r e a . cv. Foxy, the loss of 
a n t h o c y a n l n  with aging Is very small, and the coroll as  
a b s c is e  wi thout vis ib le  w i l ti n g  or fading (Stead and Moore, 
1977) .
For c a r o t e no l d s,  o x i da t iv e  proc ess es take place with 
age, r e s u l ti n g  In I n c r ea s i ng  c o n c e n t r a t i o n  of ox yg e n at e d  
c a r o t e n o l d s  as shown In S t r e ll t zl a and rose flowers (Valadon 
and M um me ry , 1969; Thlma nn,  1980). In c h r y s a n t h e m u m s ,  
c a r o t e n o l d  and c h l o r op h y ll  d e cli ned  c o n t i n u o u s l y  from the 
bud stage wh e re a s  a n t h o c y a n l n  c o n c e n t r a t i o n  reached a 
m a x i m u m  In the h a l f - o p e n  flower, and then d e c r e as e d  sharply  
( Stl ck la nd,  1972).
The change of color after p o l l i n a t i o n  In orchids was 
first repor te d In 1899 (Anonymous) In V a n da  c o e r u l e a , 
O d o n t o g l o s s u m  X A n d e r s o n l a n u m  h e b r a l c u m . and P h a l a e n o p s 1 s 
l u e d d e m a n n l a n a . S u b s e q u en t l y,  r ese arc h has been co n du cte d 
on use of auxin and e thy len e to Induce change of color and 
s e n e s c e n c e  In orchid flowers (Akamlne, 1963; Burg and 
Dlj km a n,  1967; Ardlttl £t al_. , 1973 ; Ch ad wi c k e^ a^. , 1980; 
Strauss and A rd ltt l, 1982). Ardlttl (1969) revie we d post 
p o l l i n a t i o n  p h e n om e na  In orchid flowers. He c o n c l u de d  that 
In most flowers, petals and sepals will wilt, dry, and 
absci se.  In Cat 11 e y a . sepals, petals, and la bella will be
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lost, but the colu mn  will change to green and remain on the 
flower. In P h a l a e n o p s 1s , sepals and petals will cha nge  to 
green and conduct p h o t o s y n t h e s i s  to yield energy for the 
d e v e l o p m e n t  of the seed pod. In V a n d a , p o l l i n a t i o n  will 
cause flower color to fade In less than 20 hours, similar to 
the effect of auxin trea tme nt .
2.5 Co lor In h e r i t a n c e
2.5.1 F l a v o n o l d s
A nu mb e r  of genetlcal studies on flower color of 
or na m en t a l  crops, such as Ant 1 r r h ln u m ma j u s , C h e l r a n th u s  
Chelrl, D a h l 1 a v a r l a b l 1 1 s . Dl a nt hu s  c a r y o p h y l 1 u s , L a t h y r us  
o d o r at u s  , P e l a g o n l u m  zona le  , Pet u n la  h y b r l d a , Pri mu la  
s i n e n s i s , S t r e p t o c a r p u s  spp., and V e r b e n a  spp. were reviewed  
by S c o t t - M o n c r l e f f  (1936) and H a r b o rn e  (1976). In add ition, 
color I n h e r it a n ce  In tissues of plant, e x c l ud i ng  flower 
tissue, was also studied e xt e n si v e ly .  Studies Inclu ded  root 
color In Brass 1ca spp. (Hoshl, 1975; Hoshl and Hos od a , 1978) 
and R a p h a n u s  spp. (Hoshl ^  al_. , 1963), and the color of 
al eu r o ne  tissue of Zea mays (Reddy and Coe, 1962; Re dd y and 
Reddy, 1975; R e ddy  and Pe te r s on ,  1977 and 1978).
A c c o r d i n g  to the f l a v on o i d b i o s y n t h e t i c  pathway, the 
i n h e ri t an c e  of a n t h o c y a n l n s ,  flavones, and fl av o n ol s  are 
re lated to one ano th er be c au s e  they are derived from the
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same pr ecu rs or . All genes as so ci a te d  with the s y nt hes is  of 
each co mp oun d can b lo ck one another. If the genes that 
control the b e g i n n i n g  of the pat hway are ho m oz y g ou s
rec ess i v e,  they will not pr oduce the compo un d and will block
the pa th w a y to prevent the sy nthesis of other c o mp oun ds  
w h i c h  occur at the later steps. A n t h o c y a n l n  p r o d uc t io n  
(blue to red) requi res  more dominant genes than flavones and 
f l a v on o ls  (white or pale yellow) (Harper, 1974; Kho e_^  al . . 
1977) .
In Ant 1 r r h l n u m  ma j u s , three color factors P, M, and Y 
are pr op ose d with respect to the aglycones of flavone, 
fl ^v on ol , aurone, and a n t h o c y a n l n  gly co sid es  (Ge lssman et 
a l . . 1954; J o r g e n s e n  and Ge l ss ma n , 1955a and 1955b). P 
factor c o n t r o ls  the o x i d a t i o n  of the Cg- fr a gm e n t that
joins the two s i x - c a r b o n  ring of the flavonol d. M factor
c o n t ro l s  the o x i d a t i o n  of the B-rlng. Y factor, which  
ope ra t es  at an ear l i er  stage than P and M factors, controls  
only the amount of aurone pigment.
In P e t u n i a  h y b r l d a . white  fl owering m ut ant s ac cu m ul a t e  
d l h y d r o f l a v o n o l  In t e r m e d i a t e  due to genetic blocks In the 
b i o s y n t h e t i c  p a t h wa y  le ad ing  to a nt h o c y a n l n s  (Kho and 
Bennln k, 1975 ; Kho al_. , 1977). The gene Anl, co n ve rt i ng  
f l a v on o ls  Into a nt h o c y a n l n s .  Is an uns t ab l e  gene. The 
m u t a t i o n  of gene Anl ch an ges  the dark r e d - f l o w e r e d  cu l t lv a r  
'Roter Vogel' Into the white flowered plants, and the back
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m u t a t i o n s  will cause red spots on the white flowers (Blanchl 
et al . . 1978 ; M u l d e r  ^  al_. , 1981)
In Br as sl ea spp., Hoshl ( 1975 ) found that two pairs of 
genes c o n t ro l l ed  red, purple, and white colors of the root. 
This result was also found In Rapha nus  spp. (Hoshl ^  a l ., 
1963). It was shown that In am p h l d l p l o l d  species of 
B r a s s 1 c a , the f la vo no ld co m p on e n ts  came out toget he r as a 
sum of f l a v on o ld s  a p p e a r i n g  In both diploid ance sto rs . 
M o r e o v e r ,  there was some c o r r e l a t i o n  b e t w ee n  genome and 
f l a v o n o l d  pa t te r n  (Hoshl and Hosoda, 1978).
In Zea m a y s , e x t e n s i v e  work has been done on the 
gen et i c control of fl av o no ld  sy nthesis in the a leu ro ne  
tissue of maiz e (Coe, 1978). The genes C, C 2 , R, A, A 2 , B z , 
Bz2, and Pr are re qu ire d for the fo r mat io n of purple color, 
and the re c e ss iv e  genes control no n - p ur p l e colors (red, 
bro nze, and co l or l e ss ) (Reddy and Coe, 1962; Redd y and 
Reddy, 1975; R ed dy and P e t e r s on ,  1977). The rec e ss i v e gene 
1n In c re ase s the q u a n t i t y  of a nt h o c y a n l n s  without ch an gi ng  
any q u a l i t a t i v e  d i f f e r e n c e s  In the pigment c o m p o s i t i o n  
(Reddy and Pe te rs o n,  1978)
2.5.2 C a r o t e no l d s
The ge netic control of ca ro t en ol d  b i o s y n t h e s i s  has been 
studied e x t e n s i v e l y  in tomato fruits (L y c o p e r s 1 con 
e s c u l e nt u m ) and In carrot roots (Daucus carota) (Goodwin,
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1980). Fruit colors (Thompson, 1961; Zschelle and Lesley,  
1967 ; Sink al.* . 1974), the pat hway of c a r o t e no l d  
b i o s y n t h e s i s  (Kargl £t_ al^. , 1960), and the n u t r i t i v e  value 
as p r o v i t a m i n  A ( Lin co ln  and Porter, 1950; P r e m a c h a n d r a  ^  
al . , 1976) are the main obj ec ti ves  In genetic studies of
c a r o t e n o l d s  In tomato fruits. For carrots, genetic studies
of c a r o t e n o l d s  In root colors were reported by Imam and
G a b l e m a n  (1968) and L a f e r r l e r e  and G a b l e m a n  (1968).
In tomato fruits, about 90-95% of total ca ro t en e s  are 
ly co p en e  and about 5% are 6“ carotene, which Is p r o v i t a m i n  A 
(L inc ol n and Po rter, 1950; Thom pso n,  1961). L i n c o l n  and 
P or t e r  (1950) and P r e m a c h a n d r a  e^ al. (1976) made crosses by 
us ing v a r ie t i es  with high 6” ca ro te ne and l yc ope ne  content as 
the parents to get hig h e r p r o v i t a m i n  A content than the 
normal v a r i e ti e s . L i n co l n and Por t er  (1950) found that 
I n t e r m e d i a t e  g - c a r o t e n e  amount was found In the Fj 
g e n e r a t i o n .  In the F 2 ge ner at i on ,  8 - c a r o t e n e  was found at 
the levels 0 - 24. 9% , 25 - 74 .9% , and 75-100% In the ratio of 
1:2:1. T h e r e f or e ,  they as sumed that 6- c a r o t e n e  and lycope ne  
d i f f e r e d  by a single i n c o m p l e t e l y  dominant gene.
L a f e r r l e r e  and G a b e l m a n  (1968) studied five color 
p h e n o t y p e s  of carrot, namely, white, yellow, orange tinge. 
I n t e r m e d i a t e  orange, and orange. White was domin an t to all 
other colors and c o m p l e t e l y  In hibited the sy nt he sis  of a - 
and g - c a r o t e n e  In the F^ pro ge nie s.
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Imam and G a b e l m a n  (1968) studied three color p h e n o t yp e s  
in carrot root: orange (high total ca r o t e n o l d s  and high oc- 
and B“ ca r ot e n e) ,  light orange (low total c a r o t e n o l d s  and 
high amount of x a n t h o p h y 1 1 s ), and lemon (very low In total 
c ar o t e n o l d s ,  high x a n t h o p h y l l s  and a small fr ac ti on of 
B-carotene). A m o n o g e n i c  di f fe r e nc e  was found. Light 
orange was dominant over orange, and lemon was dom i na n t  over 
light orange.
2.6 Color I n h e r i t a n c e  In Orchids
G e n et i c s of flower color in orchids was first reported 
by Hurst (1925). He found that two c o m p l e m e n t a r y  factors 
calle d C and R were In vo lv ed In color inher it an ce.  The R 
gene is an u n c o l o r e d  chemical pr ec u r so r  of color (c hromogen) 
and the C gene co ntr ol s the pr o d u c t i o n  of an enzyme to 
convert co l orl es s c h r o m o g e n  Into colored pigments. For 
co lor ed  flowers, C and R may  be present In a h o m o z y go u s  
state (-CC and R R - ) or in a h et e r o z y g o u s  state (-Cc and 
Rr-), and alb ino s will have either cc or r r , or both.
S t o r ey  and K a m e m o t o  (1960) studied I n h e ri t an c e  of 
s e m l - a l b a  (flowers hav ing  white sepals and petals with 
co lo r ed  lips) In a cat t l ey a pedigree. They made selflng 
from a hybrid, Ru bio (dark lavend er flowers) X C^. 
w a r s c e w l c z l l  'Flrmln Lam b e an '  (white flowers). The 
o f f s p r i n g s  were 41 co lo re d  : 8 se m l- a l ba  ; 17 w h ite
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(9:3:4). The g e n ot y pe  of this hybrid was d e t e rm i n e d to be 
CCRrP p based on the ratio of o ff s pr ing s and Its pedigree. 
Wh en gene p Is ho m o z y g o u s  re c ess ive  (pp), It will suppress 
the color of sepals and petals. T h er ef or e, s e ml -al ba  will 
have the genotyp e C-R-pp.
H a r pe r  (1974) p r o p o se d  a scheme of genetic control of 
f l a v o n o l d s  b a s l c l y  on fl av o no l d  b io s y n t h e s i s  pa th way  In 





C-15 I n t e r m e d i a t e — > c h a l c o n e — ^fl av ano ne — :»flavanonol — >flavenol
1 s o f 1 avone flavone flavonol a n t h o c y a n l n
In the genus D e n d r o b l u m , the results of the d e n d r o b l u m  
b r e e d i n g  p r o g ra m  at the U n i v e r s i t y  of Hawaii Indic at ed  that 
l a v en d e r  and purple were dominant to white. Y e l 1 o w - f 1ow er ed  
color of hy b ri d s  faded If both parents did not have bright 
y e l l o w  flowers. Color pur ity  was Improved In £. J a q u e l y n  
Thomas 'Y 166-1' by s e l ec t i on  and In br e ed i n g (Boblsud and
K a m e mo t o,  1982).
M an y  y e l lo w  d e n d r o b l u m  c ul tl va rs are p o l y pl o i ds  and 
their b a c k g r o u n d s  come from section C e r a t o b l u m  and section 
P h a l a e n a n t h e  (Kamemoto, 1980). Both sections are clo se ly  
re la t ed  as I n di cat ed  by the high p e r c e nt ag e  of suc ces sf ul  
I n t e r s e c t l o n a l  crosses (Wllfret and K a m e mo t o,  1969). Ma ny  
spe cie s In the se cti on  C e r a t o b l u m  have bright y e ll o w  
flowers, but flowers are often small, such as those of D^ . 
u n d u l a t u m , g o u l d 11 , and s c h u l 1 e r 1 . Species In the
s e c ti o n  P h a l a e n a n t h e  have large and at t r a c t i v e  white, 
lave nde r,  or purple flowers, such as those D^ . p h a l a e n o p s l s .
In subtr lb e O n c l d l l n a e , yel lo w flowers are common. In 
sec ti o n V a r l e g a t a , y e l l o w  color Is dominant to red color, 
m a s k i n g  the reds or c o n f i n in g the red color to the back of 
the flowers. If the ye l l o w  Is not strong, red and ye ll ow  
show equally. Color Is de t e r m i n e d  by what occurs In the lip 
and tepal colors do not have much Influence. Th e r ef o r e,  the 
color on the back of the lip Is an Important c o n s i d e r a t i o n  
In fu rth er b r e e d in g (Molr and Molr, 1980 and 1982).
In the c a t t l ey a alliance. C a t 1 1 eya do wl an a var. aurea 
Is a y e l l o w  that Is re c ess ive  to lavende r and purple 
(Fenton, 1951; Bennett, 1965). Cr os s i ng  with Cat 1 1eya glgas 
(purple) results In all purple In the F^ g e n e r a t i o n  and 
3:1 ratio of purple : yel l ow  In F 2 g e n e r a t i o n  (Woodward,
1965). The y e ll o w of Lae l l a flava Is dominant over the
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purple of ca t tl eya s (Fenton, 1951; Sweet al_. , 1960; 
Bennett, 1965 ; W o o d wa r d , 1965 ; Marlowe, 1981), Cat 1 1eya 
a u r a n t l e a  Is dominant In the pr o du c t io n  of ye l l o w  hy brids 
(Wo odward, 1965; Dangle r,  1980). Red hy brids have 
So p h r o n l t l s  o r a n d l f 1 ora In their ba c k gr ou n ds  (Bennett, 1965; 
Wo o d w a r d ,  1965). B r a s s a v o l a  d lg bya na  gives light soft 
shades of green color and a large fringed lip (Bennett,
1965 ; Wo o d wa r d , 1965). Cat tleya blcol o r , Cat 1 1eya f o r b e s l 1 . 
C a t 1 1 eya g r a n u l o s a , Cat tleya gut t a t a , Cat t le y a  v e l u t l n a . and 
E p l d e n d r u m  m a rl a e  Impart their green color to their hy bri ds  
( W o o d w a r d , 1965) .
The sup er b pink P h a l a e n o p s 1s of today trace their 
a n c e s t r y  bac k to two species, P h a l a e n o p s 1 s s c h l 1 1 erana and 
P h a l a e n o p s 1 s s a n d er a n a . B r e e d in g for yel lo w  P h a l a e n o p s l s  
has been slow b e c au s e there was little fo un d at i o n for good 
y e l l o w  color until recent years. U s u a l ly  the ye ll o w  colors 
fade or may be hi d d e n  In the first g e n e r at i o n and will show 
In the f o l l o wi n g  g e n e r a t i o n  (Freed, 1979).
G r l e s b a c h  (1984) st udied c a r o t e n o 1d - a n t h o c y a n l n  
c o m b i n a t i o n s  on flower color. Novel flower colors can be 
cr ea t e d by c o m b i ni n g  c a r o t e n o l d  and a n t h o c y a n l n  pigments.
For example, the hybr id  b e tw e en  P h a l a e n o p s 1 s a m b o 1n e n s 1 s 
( y e l lo w  with brown spot) X D o r 1 t a e n o p s 1 s Grebe (margenta) 
p ro du ce s flowers that are bronze. He suggested that 
b r e e d i n g  for Improv ed  flower color should be c o n c e rn e d  with
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a n t h o c y a n l n / c a r o t e n o l d  m i xt ure s,  pH, c o p i g m e n t a t i o n ,  and 
In div id ua l pigmen ts  (a nt ho c y an l n s,  car ot e no l d s,  or 
c h l o r o p h y l I s ) .
Ha rp e r (1972b) pr e s e n t e d  his concepts of color 
I nh e r i t a n c e  In or chids as follows:
"1. St r uct ur e genes and regulator genes operate 
to get he r to control color In orchid flowers, with up to 
several dozen genes being Involved In the p r o d u c t i o n  of 
color In a given orchid.
2. The c o n c e n t r a t i o n  of various fl av ono ld s derived from 
a comm on  p r e c u r s o r  and the c o n c e n t r a t i o n  of various 
c a r o t e n o l d s  der iv ed from a common prec urs or  appear to be 
c o n t r o l l e d  I n d ep e n de nt l y.
3. C a r o t e n o l d s  and fl av o no l d s are de rived from 
d i f f er e n t p r ec u r so rs  and are ge n e t i c a l l y  In de pe nde nt.
4. The chemical c o m p ou n ds  present In the lips of 
or chids are ge n e r a l l y  diff er en t from those present In the 
other flower parts. In d i ca t i ng  gene d i ff e r en ce s  b e t we e n the 
lip and the petals and sepals.
5. Di f fe r e nt  cells In the same flower part may 
d i f f e r e n t i a t e  to pro duc e diffe re nt  pigments or dif fer ent  
c o n c e n t r a t i o n s  of the same pigment, thus leading to spots 
and va r i ou s  shades of color. The epidermal cells on the 
front and back of a petal for Instance may pro duce diff er ent  
c o m p o u n d s ."
26
III. M A T E R IA L S  AND METHODS
3.1 C a r o t e n o l d  and Ch l o ro p h yl l  I d e n t i f i c a t i o n  In Flowers of 
D e n d r o b l u m  Species and H y b ri d s
D e n d r o b l u m  species and hyb rids used In this study were 
part of the U n i v e r s i t y  of Hawaii D e n d r o b l u m  bre e d in g  
p ro gr am . F i f t ee n  species (Table 1) r e p r e s e n t i n g  6 sect io ns ,  
as cl a s s i f i e d  by S c h l ec h t er  (1912), and 23 c u l t l v a r s  and 
se le c ti o n s  (Table 2) we re an al y ze d  for c a r o te n o ld s  and 
c h l o r o p h y l l s  In f1o w e r .p e t a l s . All the species except 
p h a l a e n o p s l s  (P h a l a e n a n t h e ) were y e l l o w - f l o w e r e d .  All 
h y b ri d s  In vo lv ed sp ecies from sections C e r a t o b l u m  and 
P h a l a e n a n t h e . Some of the cult lv ars  had received awards 
from both the A m e r i c a n  Orch id Soc iet y (AOS) and the H o n o l u l u  
Orch id S o c i e t y  (HOS).
In this study, flower color was de s c ri b e d v i s u a l l y  and 
m a t ch e d  with the color chart of the Royal H o r t i c u l t u r a l  
Society, London.
3.1.1 E x t r a c t i o n  of Pi g me n t s
An I n f l o r e s c e n c e  with bl oom in g flowers was h a r v es t e d  
and Immer se d In tap water for 15 min. Petals, 2-4 gm fresh
wt d e p e n d i n g  on a v a i l a b i l i t y  and color intensity, were
m e a s u r e d  a c c u r a t e l y  and h o m o g e n i z e d  In 100 ml aceto ne . The
slurr y was filte red  thr ou gh glass wool using a Buc hn er
27
28
Table 1. Petal color of D e n d r o b i u m  species used for 
c a r o t e n o l d  and chloro phy ll  d e t e r m i n a t i o n  In their petals.
Plant 
no . Plant name Petal color
Au th o r  of 
species name
S e c t io n  C a lll st a
D. a g g r e g a t u m bright yell ow W. R o x b ur g h
Se ction C e r a t o b l u m
K74 1- 2 3 D. ant e n n a t u m y e l l o w - g r e e n J. L l n d le y
D284 D. c o n a n t h u m y e l 1 o w - gr e e n R. Sc h l e c h t e r
D153 D. g o u l d 11 y e l 1 o w - g r ee n H. R e l c h e n b a c h
D174 D. hel Ix bright yel low -
D99-1 D. l o n o g l 0 s sum y e l 1 o w - g re e n R. S c h l ec h te r
K321 D. s c h u l 1 erl y e l 1 ow - g r e e n J. J. Smith
D200-1 D. st ra t l ot es y e l 1 ow -g r ee n H. R e l c h e n b a c h
K737 n. St re b l o c e r a s gr e y e d - o r a n g e H. R e l c h e n b a c h
D36-2 D. u n d u l a t u m g r e y e d - o r a n g e R. Brown
D43-1 D. u n d u l a t u m g r ey e d - o r a n g e R. Brown
D270 D. u n d u l a t u m  var.
b r o o m f l e l d l l
' S h l m o n l s h l ' y e l l o w - g r e e n F i t z ge r al d
Se cti on E l e u t h e r o g l o s s u m
D173- 2 D. canal 1c u l a t u m y e l l o w - g r e e n R. Brown
Se ction Eu g e n a n t h e
D. m o s c h a t u m y e l 1 ow - o ra n g e 0 . Swart z
Sec 1 1 on Lat ourea
- D. m a c r o p h y l l u m pale yel lo w A. R1 ch ard
67381 D. s p e c t a b l 1 e pale yellow F. Mlquel
S e c ti o n  P h a l a e n a n t h e  
D37-2  p h a l a e n o p s 1 s
TR-2 p h a l a e n o p s 1 s
wh 11 e 
pu r p 1e
F i t z g e r a l d
Fi tz g er a l d
Table 2. Petal color of D e n d r o b l u m  cult lva rs and se lections  
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y e l 1 o w - g r e e n  
g r e y e d - o r a n g e  
g r e y e d - y e l 1 ow 
y e l 1 ow 
pale y e l l ow
y e l l o w - g r e e n  
y e l l o w - b r o n z e
y e l l o w - g r e e n
Alice Quee n  
Alice Chong X J). Bronze Oueen)
Amy 'Orange' 
u n d u l a t u m  X Hula Girl)
Betty Ho 'Kamlya'
M is ty  G re en X Maynouk)
Betty Ho 'Walmea'
Mi sty  Green X Maynouk)
Caesar
p h a l a e n o p s 1s X s t r a t l o t e s )
Cathy X Aina Ha lna  
. Gold Coast X Llh o l lh o
C. K. A 1 . 'Oka'
■May Neal X D. Hula Girl)
Es th e r  Zane Shlgakl 'Butterfly'
Edy the  Pu ng  X D. F i ft i e t h  State Beauty)
Field K ing  y e l l o w - b r o n z e
L l h o l l h o  X D. May Neal)
Field Ki n g  AM/AO S y e l l o w - g r e e n
L l h o l l h o  X D. May Neal)
Imelda Ro m u a l d e z  y e l l o w - b r o n z e
M l l r o y  X F i f t i e t h  State Beauty)
Mar y Mak y e l l o w - g r e e n
Th eo d or e  Ta kl gu c hl  X May Neal)
Mar y Trow se  y e l l o w - g r e e n
Hula Girl X 2- schullerl )
May Neal 'Srlsobhon' bright y e ll o w
Hawaii X s c h u l 1 e r l )
May Neal X s c h u 1 1 e r 1 y e l l o w - g r e e n
Ng Eng C h e o w y e l l o w - g r e e n
Alice S p a l di n g  X J a q u e l y n  Thomas)
Pak ano a 'Waianae Beauty' y e l l o w - g r e e n
Manoa X Pakanu)
Prince K u h i o X Ll ho l lh o y e l l o w - g r e e n
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Table 2. Cont d .
Plant Plant name Petal color
n o .
H19-1 D. Salak y e l l o w - b r o n z e
(D. str at lo te s  X D. undulatum)
D190 D. Uklo y e l 1 o w - g r e e n
(D. Ne o- H a wa l l  X D. stratlotes)
K432 D. s t r e b l o c e r a s  X D. canal 1c u l a t um g r e y e d - o r a n g e
K5 2 8 D. Caesar X May Neal 'Srlsobhon' pale y e l lo w
K528 from bud (2-3.2 cm) y e l 1 ow
K528 from 2-4 wks after bloomi ng whl te
K 6 37 D. J a q u e l y n  Tho mas  X D. May Neal
"^Srlsobhon' y e l 1 o w - p u r p l e
K637 from bud (2-3.2 cm) y e l l o w - p u r p l e
K637 from 2-4 wks after bl oo min g w h l t e - p u r p l e
K650 D. May Neal 'Srlsobhon' X D. helix bright y e l lo w
K751 D. Caesar X D. c a n a l I c u l a t u m pale y e l lo w
funnel. The residue was e x tr act ed  re p e a t e d l y  with more 
ac et o n e until the filtra te was colorless. The pigme nt s were 
was he d  with p e t r o l e u m  ether by adding an equal volu me  of 
p e t r o l e u m  ether to the ace tone extract In a s e p a ra to r y
funnel. All of pi gm ent s were tr an sf er r ed  to the uppe r ether
layer. The ether layer was col le cte d, c o n c e n t r a t e d  to 
dr yness In a rotary e v a p o r at o r  at 35°C, and r e d l ss o l ve d  In 
1 ml aceton e.  The pigmen ts  were s u b s e q u e n t l y  stored at 
- 2 0 ° C  for use In h i g h - p e r f o r m a n c e  liquid c h r o m a t o g r a p h y  
(HPLC). The e x t r a c t i o n  was condu ct ed In the dark. Re ag e n t s
used were of an a ly tic al  grade.
3.1.2 HPLC Sys tem
The sample volu me  b e t w e e n  2-20 y l , d e p e n d i n g  on 
c o n c e n t r a t i o n ,  was I nj ec te d Into the HP LC (B e ck m a n Model 334 
G rad ie nt  System). A r e v e r s e d - p h a s e  column, 10 um L l C h r o s o r b  
RP 18 (250 mm length X 4.6 mm Internal di a met er . Al lt ech  
A s s o c i a t e s )  was Installed, and gradient elu ti on was set as 
d e s c r i b e d  by B r a u ma nn  and Gr lm me  (1981). Reagent water,
H PLC  grade me th a n ol ,  and analyti ca l grade a c e t o n l t r l l e  were 
used In the solvent system. Solvent A was wa te r and solvent 
B was m e t h a n o l - a c e t o n l t r 1 1 e (25:75 V/V). The pr o p o r t i o n  of 
solvent B was In cr ea sed  In a linear gradient from 75% to 
100% In 20 mln, follo we d by m a i n t a i n i n g  100% of solvent B 
until all pigmen ts were eluted. The flow rate was 1.5
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m l/ m i n  and a va ri abl e w a v e l e n g t h  UV d e t ec t or  
( H e w l e t t - P a c k a r d  Model 1030B) was set at 445 nm.
3.1.3 I d e n t i f i c a t i o n  of Pi gm e n ts
M aj or  peaks from H PL C c h r o m a t o g r a m s  were c o l l e c te d  and 
their a b s o r p t i o n  spectra recorded with a UV-VIS 
s p e c t r o p h o t o m e t e r  ( P e r k l n - E l m e r  Model 554). The sample was 
then added with a drop of 0 . 0 5 N  e t h a no l l c HCl ( Ju n g a lw a l a  
and C a m a , 1962) to Identi fy  epoxy c a r o t e n o l d s  by 
h y p s o c h r o m l c  shift. R e t e n t i o n  times and a b s o r p t i o n  max ima  
of sample were co mpa re d with those of the k no wn  co m p o un d s  
e x t r a c t e d  from sp ina ch  leaves, In a d d it i o n to a b s o r p t i o n  
ma xim al  c o m p a r i s o n  with data from B r a u m a n n  and G r lm m e  
(1981) .
3.1.4 Q u a n t i t a t i v e  D e t e r m i n a t i o n
Ea ch known co mp ou nd was coll ec te d from HPLC, Its 
solvent removed under vacu um  e v a p o r a t i o n  at 35°C, and 
di s s o l v e d  In ethanol or acetone (Table 3). The a b s o rb a nc e  
of each c omp ou nd  was recorded and Its speci fi c e x t i n c t i o n  
c oe f f ic i e nt  at A m a x  (Table 3) was used to c a l cu l at e  the 
amount of the compo un d a c c o rd i n g to the formula by Davies
(1976) as f o i l o w s :
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Table 3. Sp ec if ic e x t i n c t i o n  c oe f f ic i e nt s  at A max  of 
c a r o t e n o l d s  and c h l o r o p h y l l s  used for q u a n t i t a t i v e  
d e t e r m l n a t I o n .
PIg ment ^ ^ ^ I cm  A (nm) Solvent R e f e r e n c e
Ne o x a n t h l n 2243 439 Ethanol Davies (1976)
V l o l a x a n t h l n 2550 443 Ethanol Davie s (1976)
A n t h e r a x a n t h l n 2350 446 Ethanol Davies (1976)
Lut e 1 n 2550 445 Ethanol Davles (1976)
Z e a x a n t h l n 2340 452 Ace tone Davies (1976)
C h l o r o ph yl l  b 535 647 Ace t one Ver no n (1960)
C h l o r o ph yl l  a 926 663 Ac eto ne Ve rn o n (1960)
g-C arot ene 2620 453 Ethanol Davie s (1976)
X =  12_______
X ion
whe r e :
X Is amount of a ca ro te nol d, g m ,
E Is the e x t i n c t i o n  at the given wa v el en gt h,  
y Is vo l um e  of solution, ml,
E ^ ^ l c m  Is specifi c e x t i n c t i o n  co ef fi cie nt .
K n o w n  amo unts of each compoun d were then Injected Into 
the H PL C sy s te m  and the peak height was used as a cr i t er i o n  
In c o m p a r i s o n  for q u a n t i t a t i v e  de t e r m i n a t i o n .
3.2 D e g r a d a t i o n  of Fl ow e r  P i g m e n t s  In D e n d r o b l u m  H y b r id s
P r o g e n i e s  of three crosses (K528 , K-637 , and K650 ), made 
at the U n i v e r s i t y  of Hawaii were examined for d e g r a d a t i o n  of 
flower p i g m e n t s .
K528 (pale y e l l o w  petals) Is a hybr id from D^ . Caesar 
(pale yellow) X May Neal 'Srlsobhon' (yellow).
K637 (w h i t e - p u r p l e  petals) Is a hybrid from D^ . J a q u e l y n  
Thom as ( w h i t e -p ur p le )  X May Neal 'Srlsobhon' (yellow).
K650 ( ye llo w petals) Is a hybrid from D^ . May Neal 
'Srlsobhon' (yellow) X h e lI x  (yellow).
3.2.1 Pig ment Changes at D i f f e re nt  Stages of Flowers In a 
Sin gle  Raceme
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Di ff er en t stages of flowers In a single raceme from 
three crosses were n um ber ed from the flower that had just 
opened as stage 1, followed down toward the raceme base to 
stage 10, r e s p e c ti v e ly .  The a b s o rp t io n spectra of 
fl avo n o ld s ,  c a ro t e no l d s,  and c h l o r op hy l ls  were me as ure d with 
a Unlearn Sp 1800 Ul t r a v i o l e t  sp e c t r o p h o t o m e t e r .
F l a v on o l s,  a n t h o cy a nl ns ,  and c h l o r o p hy l l s were 
ex t r a c t e d  by Im me r s in g  250 mg fresh wt of petals In 5 ml of 
0.1% h y d r o c h l o r i c  acid In methan ol under r e f r i g e r a t i o n  
(about 9°C) for 48 h r s . A n t h o c y a n l n  and c hlo ro ph yll  
co ntent were r eco rde d d i r e c t l y  from the extract by using 
a b s o r b a n c e  at 530 and 654 nm, re s p e c t i v e l y  (Stlck la nd,
1972). For flavonol s,  the extract was dil u t ed  10 times and 
the a b s o r b a n c e  was record ed  at 260 nm (Packet, 1966).
C a r o t e n o l d s  were e x t r ac t e d by Im m ers ing  250 mg fresh wt 
of petals In 5 ml of 20% p e t r o l e u m  ether In methanol under 
r e f r i g e r a t i o n  (about 9°C) for 48 hrs (S tlckland, 1972).
The ab s o r b a n c e  was recorded at 470 nm.
3.2.2 C a r o t e n o l d  and C h l o r op h yl l  Changes In G r ow t h and 
D e v e l o p m e n t  of Flowers
M e t h o d s  of q u a l i t a t i v e  and qu an t i ti ve  I d e n t i f i c a t i o n  of 
c a r o t e n o l d s  and c h l o r o p h y l l s  were de s cr ibe d In se cti on  3.1.
In K528 and K 6 3 7 , 3 stages of flowers were exa mined: 1.
-bud stage (2.0-3.2 cm bud length), 2. - y o u n g  stage
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(bl ooming), 3. -old stage (2-4 wks after b l oo min g) .
3.3 C y t o lo g y  and Y e l l o w  Flower Color I n h e ri t a nc e
3.3.1 Cy t ol o g y
The ch r o m o s o m e  num bers of y e l l o w - b r o n z e  Dend rob 1um 
a c c e s s i o n s  were d e t e r mi ne d  from root smears. The excised  
ro ot - tl p s  were pr e t rea ted  In 0 . 0 02 M  h y d r o x y q u l n o l I n e  at 
16°C for about 4 h r s , fixed In 1:1:2 m i x t u r e  of 95% 
ethanol, ch lor of o rm ,  and glacial acetic acid for 10 mln at 
16°C, h y d r o l y z e d  In IN h y d r o c h l o r i c  acid for 3 mln at 
60°C, and stained In 1% a c e t o - o r c e l n  (Wllfret and 
K a m e m o t o , 1971).
3.3.2 Y e l l o w  Flower Color I n h e r it a nc e
P r o g e n i e s  of some crosses and their parents (Table 4) 
were o b s e r v ed  for i n h e r it an c e of flower pi g men ts.  These 
p r o g en i es  had yel l o w to y e l l o w - b r o n z e  flowers or had parents  
with y e l l o w  to y e l l o w - b r o n z e  flowers.
V a r i a t i o n  of flower color was examine d from pr o ge nie s  
of some av ai l a bl e  crosses, which  had y e l lo w  flowered 
a n c e s t o rs .  Flow er  color was observ ed v i s u a l l y  and compared 
with the Co lo u r  Chart of the Royal H o r t i c u l t u r a l  Society. 
C a r o t e n o l d s  and c h l o r o p h y l l s  were d e t e rm i n ed  by using the 
meth od d e s c r i b e d  In se cti on 3.1.
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Table 4. Petal color of D e n d r o b l u m  plants used for yel l o w  




Plant name Petal color
D173 -2 D. canal 1c u l a t u m y e l l o w - g r e e n
D242 D. Caesar pale y el l o w
T d . p h a l a e n o p s l s  X D. stratlotes)
D167 D. Field King
(D. L l h o l l h o  X D. May Neal)
y e l 1 o w - b r o n z e
D174 D. he li x bright ye l lo w
D179B D. May Neal 'Srlsobhon'
T d . Hawaii X D. schullerl)
bright ye l l ow
K737 D. s t r e b l oc e r as g r e y e d - o r a n g e
D193 S p e l lb o un d  
(^. V a l l e y  K in g X Pakanu)
whl t e
K44- 50 £. J a q u e l y n  Thomas 'Unlwal Blush' wh ite with
(D. p h a l a e n o p s l s  'Lyon's Light No.l' 
X D. gouldll)
pink tinge
K1 59-21 D. J a q u e l y n  Thomas white with
(K4 4-50 selfed) pink tinge
K250 K 4 4 - 50  X D. Field King v a r 1 at 1 on
K382 K1 59- 21  X D. Field King v a r i a t i o n
K432 D. s t r e b l o c e r a s  X D. c a n a l I c u l a t u m g r e y e d - o r a n g e
K487 K 2 5 0 - 2 9  X D. May Neal 'Srlsobhon' v a r i at i on
K500 K 2 5 0 - 2 9  selfed v a r l a t I o n
K526 K 2 5 0 -2 9  X D. Field King v a r l a t I o n
K528 D. Caesar X D. May Neal 'Srlsobhon' pale y e l l o w
K642 D. S p e l lb o u nd  X K3 82 -18 v a r 1 a 1 1 on
K650 D. May Neal 'Sri Sobhon' X D. he li x bright y e ll o w
K662 K159-21 X K487-131 whl t e
K751 D. Caesar X D. c a n a l I c u l a t u m pale ye ll o w
4.1 C a r o t e n o l d  and Chl oro p hy l l  I d e n t i f i c a t i o n  In Flowers of 
D e n d r o b i u m  Species and Hyb r i ds
C a r o t e n o l d s  and c h l o r o p h y l l s  from petals of the genus 
D e n d r o b i u m  we re  I d e n ti f ie d  by co m par ing  their rete nti on  
times, a b s o r p t i o n  maxima, and h yp s o c h r o m l c  shifts with 
those of the s t an dar ds  prepa re d from spinach leaf extract. 
A b s o r p t i o n  ma xi ma  r e por te d by Br au man n and G r l mm e  (1981) 
were also co mp a r ed  to c o n fi r m the results. The eight peaks 
from H P L C  c h r o m a t o g r a m  were Ide nti fie d as n e o x an t hl n ,  
v l o l a x a n t h l n ,  a n t h e r a x a n t h l n , lutein, zeaxan thl n,  
c h l o ro p hy l l  b and a, and 6-carotene, (Table 5).
The a b s o r p t i o n  spe ctra of eight Ide nti f ie d  p igm ent s In 
s o l u ti o n  of m e t h a n o l / a c e t o n l t r 11 e (25:75 V/V) are shown In 
F igu re s 1-8. Z e a x a n t h l n  (Figure 5) and 6~carotene (Figure 
8) showed a sho u ld e r  at the shorter w a v e l e n g t h  of the 
a b s o r p t i o n  ma xi ma . After ad di ng  a small drop of 
c o n c e n t r a t e d  h y d r o c h l o r i c  acid, a h y p s o c h r o m l c  shift of 
about 20 nm for m o n o - e p o x l d e s  was found In n e o x a n t h l n  
(Figure 1) and a n t h e r a x a n t h l n  (Figure 3), and about 40 nm 
for d l - e p o x l d e s  In v l o l a x a n t h l n  (Figure 2).
R e p l i c a t i o n s  were not run because the m a c h i n e s  are 
k n o w n to be h ig h l y  accu ra te.  It takes about 2 hours  to run 
each sample, and. In many cases, there was only 1 plant
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IV. RESULTS AND DISCUSSION
T a b l e  5 .  I d e n t i f i c a t i o n  o f  c a r o t e n o l d s  and c h l o r o p h y l l s  from  p e t a l s  o f  t h e  genus D e n d ro b lu m .
D e n d ro b lu m S p In a c h Braumann and Grimme ( 1 9 8 1 )
Peak
no . RT^ /wY HS’^ RT /M HS HA I d e n t I  f I c a t l o n
I 1 9 .5 4 1 4 , 4 3 8 , 467 20 1 9 .5 4 1 2 , 4 3 8 , 466 20 4 1 4 , 4 3 8 , 467 N e o x a n t h l n
2 2 1 . 9 4 1 8 , 4 4 2 , 467 40 2 1 .9 4 1 8 , 4 4 0 , 468 40 4 1 8 . 4 4 1 , 471 V l o l a x a n t h l n
3 2 4 .7 4 2 2 , 4 4 5 , 472 20 2 4 .7 4 1 6 , 4 4 5 , 472 20 4 2 2 , 4 4 5 , 472 A n t h e ra x a  n th  In
4 2 6 .8 422 , 4 4 5 , 473 — 2 6 .8 4 2 0 , 4 4 4 , 472 — 4 22 , 447 , 475 L u t e  1n
5 2 7 .4 4 2 6 , 4 5 0 , 478 — 2 7 .4 4 2 6 , 4 5 0 , 478 — -------- Zeaxa nth  1 n
6 2 8 . 2 4 6 0 , 645 — 2 8 .2 460 , 646 — 4 60 , 648 C h l o r o p h y  11 b
7 3 2 . 0 4 2 6 , 65 9 — 3 2 . 0 424 , 661 — 4 3 1 , 664 C h l o r o p h y  1 1 a
8 4 0 . 2 4 2 4 , 4 5 0 , 476 — 4 0 .2 4 2 4 , 4 5 0 , 476 — 4 2 6 , 4 5 3 . 479 p - ( ^ r o t e n e
^ R T  = r e t e n t i o n  t i m e  ( m l n ) .
= a b s o r p t i o n  maxima (nm ) I n  m s t h a n o l / a c e t o n l t r l  l e  ( 2 5 : 7 5  V / V ) .  
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Figure 1. Absorption spectra of neoxanthin (Peak no. 1) in
methanol/acetonitrile (25:75 V/V) (---) and with addition of HCl (-
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W A V E L E N G T H  (nm)
Figure 2. Absorption spectra of violaxanthin (Peak no. 2) in
methanol/acetonitrile (25:75 V/V) (---) and with addition of HCl (----)
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W A V E L E N G T H  (nm)
Figure 3. Absorption spectra of antheraxanthin (Peak no. 3) in
nethanol/acetonitrile (25:75 V/V) (---) and with addition of KCl (---)
43
W A V E L E N G T H  (nm)
Figure 4. Absorution spectra of lutein (Peak no. 4) in
methanol/acetonitrile (25:75 V/V) (--- ) and with addition of HCl (----)
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W A V E L E N G T H  (nm)
Figure 5. Absorption spectra of zeaxanthin (Peak no. 5) in
methanol/acetonitrile (25:75 V/V) (---) and with addition of HCl (----)
W A V E L E N G T H  (nm)
Figure 6. Absorption spectrum of chlorophyll b (Peak no. 6) in methanol/acetonitrile (25:75 V/V).
■p-Ln
W A V E L E N G T H  (nm)
Figure 7. Absorption spectrum of chlorophyll a (Peak no. 7) in methanol/acetonitrile (25:75 V/V).
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Figure 8. Absorption spectra of g-carotene (Peak no. 8) in 
methanol/acetonitrile (25:75 V/V) (---) and with addition of HCl (----)
a v a i l a b l e  w h i c h  b l o o m e d  only once a year. The a c c u r a c y  of 
the d e t e r m i n a t i o n s  Is show n by the two val u es  for J). 
m a c r o p h y l l u m  (Table 6). A l t h o u g h  the total a m o un t s of 
p i g m e n t s  vary g r e a t l y  b e t w e e n  the two dates, the p e r c e n t a g e s  
are ve r y  simil ar.
In s e c t io n  C a l 1 1 s t a , only a g g r e g a t u m  was e x a mi n e d.  
This s p e c i e s  had pure bri ght  y e l l o w  p e t al s (Figure 9). 
N e o x a n t h l n ,  v l o l a x a n t h l n , a n t h e r a x a n t h i n ,  lu tein, and 
z e a x a n t h l n  w er e  d e t e c t e d .  Z e a x a n t h l n  was found In the 
h i g he s t  p e r c e n t a g e  f o ll o w e d  by a n t h e r a x a n t h i n ,  lutein, 
n e o x a n t h l n ,  and v l o l a x a n t h l n  (Table 7; Fi gu re  10).
In s e c t i o n  C e r a t o b l u m , 9 sp ec i e s were e x a m i n e d .  Most 
of these s p e c i es  had color v a r i a t i o n ,  and flower color was 
a m i x t u r e  of g re en and some other colors. h e l 1 x had
y e l l o w  f l o w er  colo r (Figure 11). Eight m a j or  c o m p o u n d s  were 
d e t e c t e d  w ith  lut e i n and n e o x a n t h l n  In h i gh e st  p e r c e n t a g e s  
(Fi gur e 12). ant ennat u m , c o n a n t h u m , _D. goul d 11 ,
1 onogl o s s u m  , sc hu l l er l  , 15. st rat lotes , and undul a t u m
var. b r o o m f l e l d l 1 had shades of y e l l o w - g r e e n  flower color, 
r a n g i n g  from 150A to 152C. T hey  had high p e r c e n t a g e s  of 
l u t e i n  and c h l o r o p h y l l  a and b. u n d u l a t u m  (D36-2 and
D 4 3 - 1)  and £. s t r e b l o c e r a s  (F igure 13) had g r e y e d - o r a n g e  
f l o we r s  In w h i c h  p i g m e n t s  were a m i x t u r e  of c a r o t e n o l d s ,  
c h l o r o p h y l l s ,  and a n t h o c y a n l n s . Eight m a j or  c o m p o u n d s  were 
d e t e c t e d  In both 15. u n d u l a t u m  a c c e s s i o n s ,  but only lutein.
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T ab le  6 .  Q u a n t i t a t i v e  d i s t r i b u t i o n  of c a ro te n o ld s  and c h l o r o p h y l l s  In p e t a l s  of 0 .  macrophy I lum a t  two d i f f e r e n t  tlm
C:arotenolds i %) T ota l Chlorop hy 11 Is 1%) T ota l
Time Neoxanthin V io l a x a n t h i n A n th era xa n th in L u t e i n Zea xan th in p -C aro ten e (>jg/g fr e sh  wt) C h i .  a C h i .  b (pg/g  f re sh  wt)
F e b .  6 , I9B4 4 .0 3.2 3 .6 8 .2 1.6 9 .7 30.3 13.2 4.7 17.9
(1 3 . 2 ) 2 ( 1 0 . 6 ) (1 1 . 9 ) ( 2 7 . 0 ) ( 5 . 3 ) ( 3 2 . 0 ) ( 7 3 . 7 ) ( 2 6 . 3 )
M a r .  8 , 1984 1.7 1.3 1.5 3 .9 0 .7 4 .2 13.3 5 .6 2.1 7.7
( 1 2 . 8 ) ( 9 . 8 ) ( 1 1 . 3 ) ( 2 9 . 3 ) ( 5 , 2 ) ( 3 1 . 6 ) ( 7 2 . 7 ) ( 2 7 . 3 )
^numbers In p a r e n t h e s is  Is  the perce nta ge  of t h a t  compound.
.P'VO
Tab le  7« Q u a n t i t a t i v e  d i s t r i b u t i o n  of c a ro te n o ld s  and c h l o r o p h y l l s  In  p e t a l s  of some Dendroblum species*
P la n t
no*
C a ro te n o ld s  (% )C o l o r
R H Neox anthin  V l o la x a n t h ln  A n th e ra x a n th ln  L u t e i n
______________________________ T o t a l  C h l o r o p h y l l s  ( | )  T ota l
Z ea x an th ln  p -C aroten e(>jg/g f r e s h  w t )  Ch i*  a Chi*  b (^ q / g  f re sh  w t )
S e c t io n  C a l l l s t a
- 0* aggregatum I3b Y 5 . 3 3.1 25.0 22.7 43.1 - 35.7 - - -
S e c t io n  C eratob lum 
K 7 4 I - 2 3  D. antennatum 150B 9 .5 8 .7 3 .2 61.1 0 .8 16.7 2 5.2 6 5 .9 34.1 4 0 .2
0204 0* conanthum 151A 10.4 5 .9 3 .0 35.1 3 .2 42.4 129.9 56 .6 43.4 100.8
0153 D. g o u l d l 1 152C 7.2 0 .9 3 .2 4 2.3 3 .4 4 3.0 44.4 5 4.3 4 5.7 6 2 .6
0174 0 .  h e l i x 7B 19.8 8 .8 7 .5 50.7 5 .8 7.4 63.7 5 3.2 4 6.8 49.1
099-1 0 .  lonoglossum I52C 14.7 9 .8 5 .3 4 8 .9 4 .4 16.9 86.8 6 0 .0 4 0 .0 104.6
K321 0* s c h u l l e r l I53C 9 .9 6.2 3 .7 27.1 4 .0 49.1 270.7 6 3.0 3 7 .0 164.8
0200-1 0. s t r a t l o t e s I54C 7.9 8*9 12.9 26.8 6 .9 36 .6 10.1 5 4.0 4 6 .0 12.6
K737 0* s t r e b l o c e r a s ^ 168B - - - 100.0 - - 53*4 86.5 13.5 178.6
0 36 -2 0* undulatum 164B 10.6 4.1 4.1 33.1 3-6 44.5 155.3 77.2 22-8 74.1
043-1 0* undulatum 174A 10.4 5 .4 7 .3 46.0 4 .9 26.0 70.0 6 8 .6 31.4 47.8
0270 0* undulatum var* 151A 10.6 6 .4 7*4 5 5.2 - 20.4 108.1 6 1.0 3 9.0 6 2 .3
S ec t io n
017 3-2
b r o o m f l e l d l r S h l m o n l s h l *  
E le uth e rog lo s sum  
D. canal Ic u latum  154B 6 .3 7 .2 3 .6 16.3 1.7 6 4 .9 162.1 67.4 32 ,6 127.9
S ec t io n Eugena nthe 
0* moschatum 21C 2 .9 4.4 12.4 16.9 6 3 .3 8 3.2
S e c t io n Latourea  
0* macrop hyllum 8C 12.8 9 .8 11.3 29.3 5 .2 31.6 13*3 72.7 2 7.3 7.7
67381 0. s p e c t a b l l e 30 12.1 5 .3 3.4 38.1 3 .9 37.2 20.7 39.6 6 0 .4 5 .3
S ec t io n
0 37 -2
Phalae na nthe  
0 .  pha la en op sis 1550 . . . .
T R -2 0* pha la en op sis 78B - - - - - - - - - -
^R H S “ C o l o u r  C h a r t  from The Royal H o r t i c u l t u r a l  S o c i e t y ,  London.
YNo . 3 -13  -  y e l l o w .  21 -  ye I Io w -oran p o, 7B »  p u r p l e ,  150-154 = y e l l o w - g r e e n .  155 
^0 .  s t r e b l o c e r a s  has some unknown c a r o t e n o ld s  which have In h igh  c o n c e n t r a t i o n s .
w h i t e .  164-1 74 = g reye d -o ra ng e.
LnO
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Figure 10. HPLC chromatogram of a total pigment extract of
D. aggregatum. Peak 1 = neoxanthln. Peak 2 = violaxanthin. Peak 3
antheraxanthln, Peak 4 = lutein. Peak 5 = zeaxanthln.
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Figure 11. Flowers of helix.
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Figure 12. HPLC chromatogram of a total pigment extract of D. helix. 
Peak 1 = neoxanthin. Peak 2 = violaxanthin. Peak 3 = antheraxanthin. 
Peak 4 = lutein. Peak 5 = zeaxanthin, Peak 6 = chlorophyll b, Peak 7 
chlorophyll a, Peak 8 = g-carotene.
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Figure 13. Flowers of D. strebloceras.
c h l o r o p h y l l  a and b, and some u n k n o w n  p i g me n ts  were d e t ec t e d  
In D^ . s t r e b l o c e r a s  (Figure 14).
The u n k n o w n  p i g m e n t s  In _D. s t r e b l o c e r a s , peaks A and B 
(F ig u r e 14), were c a r o t e n o l d s  b e c a u se  they each had three 
a b s o r p t i o n  m a x i m a  ( A p p e n d i x  Fi gu r e s 30 and 31). Pe ak  A 
sho we d  a b s o r p t i o n  m a x i m a  at 428, 454, and 485 nm, whil e peak 
B showe d a b s o r p t i o n  m a x i m a  at 427, 451, and 480 nm with a 
s h o u l d e r  at the s h o rt e r w a v e l e n g t h .  Since n e i t h e r  
a b s o r p t i o n  s p e c t r u m  show ed a h y p s o c h r o m i c  shift, the 
c o m p o u n d s  wer e not ep oxy  c a r o t e n o l d s .  T h e y  were p r o b a b l y  
c a r o t e n e s  b e c a u s e  their r e t e n t i o n  times were close to 
g-caro t e n e .
In gen er al  In this se cti on , n e o x a n t h l n ,  v l o l a x a n t h l n ,  
a n t h e r a x a n t h l n ,  and z e a x a n t h l n  were found In small amo un ts  
w h e r e a s  l ut e i n  was found In large a m o u nt s ,  e s p e c i a l l y  In the 
y e l l o w  to y e l l o w - b r o n z e  flo we rs  of s c h u l 1 e r l , 
u n d u l a t u m  (D36-2 ),  and u n d u l a t u m  var. b r o o m f 1 e l d 11 
'S h l m o n l s h l '. C h l o r o p h y l l  a was d e t e c t e d  In a h i g he r  amount 
than c h l o r o p h y l l  b.
In s e ct i o n E l e u t h e r o g l o s s u m , only canal 1 c u l a t u m  was
a v a i l a b l e .  The pet al s  of this spe ci es  were y e l l o w - g r e e n  at 
the p r o xi m a l p o r t i o n  and w h it e  at the axial po r ti on .  All 
eight m a j or  c o m p o u n d s  were d e t e c t e d  (Table 7). g -c a r o t e n e ,  
c h l o r o p h y l l  a and c h l o r o p h y l l  b were found In hi gh  
p r o p o r t I o n s  .
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Figure 14. HPLC chromatogram of a total pigment extract of
D. strebloceras. Peak 4 = lutein. Peak 6 = chlorophyll b,
Peak 7 = chlorophyll a. Peaks A and B = unknown carotenolds.
In s e c t i o n  E u g e n a n t h e , only m o s c h a t u m  was e x a m i n e d .  
Its flowers were pure bright y e l l o w - o r a n g e  (Figure 15). 
N e o x a n t h l n ,  v l o l a x a n t h l n ,  a n t h e r a x a n t h i n ,  lutein, and 
z e a x a n t h l n  were found (Table 7). H o w e v e r ,  g- c a r o t e n e  and 
c h l o r o p h y l l s  a and b were not d e te ct ed . Z e a x a n t h l n  was 
fo und In the h i g he s t  p r o p o r t i o n  (Figure 16).
Two  spe c ie s In s e c t i o n  Lat o u r e a , m a c r o p h y l l u m  and _D.
s p e c t a b l l e , we re  e x a m i n e d .  All eight m a jo r  c o m p o u n d s  were
d e t e c t e d ,  but In small a m o u n ts  be c au se  the peta ls were pale 
y e l l o w  in color (Table 7). L u t e i n  and g- c a r o t e n e  were m aj or  
c o m p o u n d s  In the f lo wer s.
In s e c t i o n  P h a l a e n a n t h e , two plants of II. p h a l a e n o p s l  s 
w e r e  e x a m i n e d .  One had w h i t e peta ls  and the other had 
pu rp l e  pe ta ls . No c a r o t e n o l d s  or c h l o r o p h y l l s  were d e t e c te d  
In ei t h e r  pla nt s (Table 7).
The pig m e nt  d i s t r i b u t i o n  In some D e n d r o b l u m  h y b r i d s  Is 
s ho wn  In T a b le  8. The h y b r i d s  had flo we r colors ran g in g  
fr om y e l l o w  to r e d - p u r p l e .  Fl ow e r s of all the h y b r i d s  
c o n t a i n e d  8 m a j o r  c o m p o u n d s  except D^ . Amy 'Orange' In w hi ch
c h l o r o p h y l l  a and b were not d e te cte d,  and flo we rs of jl.
C a e s a r  In w h i c h  g- c a r o t e n e  was not de te c te d .
The p r o p o r t i o n s  of p i g m e n t s  In h y b r i ds  a f f e c t e d  their 
f l o w er  color. For ex a m pl e ,  J). Amy 'Oran ge ',  with a 
g r e y e d - o r a n g e  flowe r color, c o n t a i n e d  g - c a r o t e n e  In the 
h i g h e s t  amount (Table 8). D. Ng Eng Cheow, w it h c r e a m l s h
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Figure 15. Flowers of D. moschatum.
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Figure 16. HPLC chromatosram of a total pigment extract of
moschatum. Peak 1 = neoxanthin. Peak 2 = violaxanthin, Peak 3
antheraxanthin. Peak 4 = lutein, Peak 5 = zeaxanthin.
Tab le  8« Q u a n t i t a t i v e  d i s t r i b u t i o n  of c a r ote no ld s  and c h l o r o p h y l l s  In  p e t a l s  of some Dendroblum h y b r i d s .
P la n t C o l o r C a r o t e n o ld s  ( t > T o t a l C h lorophy 1 Is ( | ) T o t a l
no. Name R H Neoxanthin V i o l a x a n t h  In A n th e ra xa n th in L u t e ln Zeaxanth In p-Carotene(>ig/g f r e s h  wt) Ch 1. a C h i .  b (^ g / g fr e sh  w t )
D269 D. A l I c e  Queen 1548^ 4.0 2 .9 2.4 28.4 3.1 59.2 119.0 5 4.5 45.5 102.5
D2 11-I 0. Amy ’ Orange* 1728 11.7 4.1 6 .0 20.7 4 . 9 52.6 119.6 - - -
D227 0. B e t t y  Ho'Kamlya* 1C 12.1 11.4 6 .3 28.6 4 .0 37.6 6 3 .0 58.1 4 1.9 51 .6
D186-1 0. B e t t y  Ho 'Walmea* 20 11.1 9 ,5 7 .9 28.9 3 .6 39.0 30.5 45.5 5 4.5 24.4
0242 D. Caesar 1558 12.5 12.5 18.8 5 0.0 6 .2 - 1.6 72.7 2 7.3 5 .5
0 237-2 0. Cathy X 0 .  A ina  Halna 151A 14.7 
X 0 .  G o ld  C oa st  X 0 .  L l h o l l h o
8 .5 4.1 39.7 3 .9 29.1 61 .2 6 4 .9 35.1 76.1
0 23 4-2 0. C . K.  AI.*Oka* 1838+1530 10.7 5 .8 3 .9 19.8 16.9 42.9 9 9.2 5 2 .2 47.8 163.1
D217-1 0. E s t h e r  Zane S h lg ak l I51C 
’B u t t e r f l y *
10.2 11.4 5 .2 20.1 3.8 49.3 42.2 6 2 .5 37.7 51 .7
D167 0. F i e l d  King  160At166D 12.7 10.1 6 . 9 21.9 4.2 44.2 5 5.2 5 4 .0 4 6.0 5 3 .0
0245 £ . F i e l d  K ing  W/A OS I54B 7.6 4 .3 2 .3 50,5 3 .5 52.0 103.1 52.1 47.9 69.1
0216-1 0. lmet(fa Romualdez 183B+I51C 16.7 8 . 2 4 .3 37.0 2 .0 31.8 213.3 5 1 .6 48.4 101.9
0244 0 . Mary Mak 154C 26.3 14.1 9 .4 19.3 5,2 27.7 40.4 6 2 .5 37.5 27.5
0231 0. Mary Trowse 1518 12.4 10.1 7.5 33.1 4 .9 32.0 34.7 6 4 .2 35.8 42.7
0179B 0. May Neal *Srlsobhon* 7A 10.5 5 .8 2 .9 24,0 2 .4 54.6 78.8 6 0 .6 39.4 6 2 .0
0180 0. May Neal X 0 . schu 1 le r  11508 27.7 19.8 6 .0 30.0 3 .3 13.2 50.5 5 0 .9 49.1 2 2.0
0 23 2-1 9  0 . Ng Eng Cheow 1490 9 .9 16.8 6 .8 30.4 8 .4 27.7 19.1 64.1 35.9 5 6 .9
0265-B 0. Pakanoa ’Waianae 151A 
Beauty*
18.7 8 .3 2 .8 41.7 5 .0 25.5 185.3 6 2 .3 37.7 170.8
0254-1 0. P r in c e  K uhio  X I51C 
0 .  L l h o l l h o
10.2 6 .2 4 .7 31.3 2 .8 44.8 107.4 5 3.5 46.5 81 .1
H 19 -I 0. Salak 153A+74C 12.0 10.9 10.5 2 6.9 4 .6 35.1 45.8 6 7.8 32.2 75.9
0190 0. U k lo  1540 13.5 21.3 13.5 20.6 8.1 27.0 14.1 5 9.6 40.4 9 . 9
H S * C o lo u r  C h a r t  from The Royal H o r t i c u l t u r a l  S o c i e t y ,  London.
^No. 1 “  q r e e n - y e l l o w ,  2 -7  »  y e l l o w ,  74 = r e d - p u r p l e ,  149-154 = y e l l o w - g r e e n ,  155 * w h i t e ,  160 = g r e y e d -y e l l o w ,  166-172 “  g r e y e d -o r a n g e ,  183 »  
g r e y e d - p u r p l e .
g r e e n fl ow er s, c o n t a i n e d  c h l o r o p h y l l  a and b In hig h e s t  
a m o u n t s .  May Neal X s c h u l 1 erl wi t h  pale y e l l o w - g r e e n
f l o we r s  had small amo u nt s  of all 8 c o m p o u n d s .  11. M ar y  Mak 
has s l i g h t l y  d a rk e r y e l l o w - g r e e n  flowers than II. May Neal X 
I), schul 1 erl w h i c h  is r e f l e c t e d  by si mi la r d i s t r i b u t i o n  of 
c a r o t e n o l d s  except a s l i g h t l y  hig h e r c o n c e n t r a t i o n  of 
g-carotene .
The bri g h t y e l l o w  flo wer  group, Alic e Que e n , j).
B e t ty  Ho 'Ka mly a',  D. C. K. A1 'Oka', D. Field K i n g  (D245), 
Im el d a  R o m u a l d e z ,  May  Neal ' S r l s o bh o n ',  D. P a k a n o a  
' W a ia n a e Be a ut y ' ,  and P r in ce  K u h i o  X L l h o l l h o  
c o n t a i n e d  h i g h  c o n c e n t r a t i o n s  of both l u te i n  and g - c a r o t e n e  
(Table 8). N e o x a n t h l n ,  v i o l a x a n t h i n ,  a n t h e r a x a n t h l n ,  and 
z e a x a n t h l n  were In lower p r o p o r t i o n s .
F l o w e r  color  In r e l a t i o n  to pi gment c o m p o s i t i o n  Is 
d i f f i c u l t  to In t e r p r e t  If the flowers have m a n y  colors 
I n v o l v ed . In m a ny  d e n d r o b l u m s ,  three groups of pi g me n t s,  
f l a v o n o l d s ,  c a r o t e n o l d s ,  and c h l o r o p h y l l s ,  are Invo lve d.  
T h e se  p i g m e n t s  do not only show their d is ti nc t colors, but 
also m i x  wi th  one another ; for exampl e,  g r e y e d - o r a n g e  
res ul t s from a ye llow, orange, and gr een mix t u re .  
N e o x a n t h l n ,  v i o l a x a n t h i n ,  a n t h e r a x a n t h l n ,  and l u te i n  are 
yel lo w , but z e a x a n t h l n  and g- c ar o t en e are y e l l o w  w ith  an 
o r a n g e  shade. C h l o r o p h y l l s  a and b are green. Since all 
c a r o t e n o l d s  have y e l l o w  colors. It Is d i f f i c u l t  to e x p l a i n
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w h i c h  c a r o t e n o l d  plays an Impor ta nt role In flow er  color 
exc ept  by u s in g  the p e r c e n t a g e  of p i gm e n t s  as a cr i t e r i o n .
Tab le  9 shows the p e r c e n t a g e  of each c a r o t e n o l d  and 
c h l o r o p h y l l ,  and the total amount of each group of 
p i g m e n t s .  In the y e l l o w  species group, lute in and 
g-ca rot en e were the most p r e v a l e n t  pi g me nt s  except In 
a g g r e g a t u m , w h i c h  had no g- ca ro ten e, but had h igh  z e a x a n t h l n  
and a n t h e r a x a n t h i n .  D. h e l 1 x , w it h a h i g h e r  I n t e n s i t y  of 
y e l l o w  color, had the h i g h es t total amount of c a r o t e n o l d s .  
The total amount of c h l o r o p h y l l s  in this group was not as 
hi g h  as In the y e l l o w - g r e e n  and g r e y e d - o r a n g e  groups. In the 
y e l l o w - g r e e n  group, lutein, g - c a r o t e n e ,  and the c h l o r o p h y l l s  
were the m a j o r  pi g m e n t s .  c a n a l I c u l a t u m , c o n a n t h u m  and
s c h u l l e r l , wi th hi g h  I n t e n s i t y  of color, had h ig h  total 
a m o u n t s  of both c a r o t e n o l d s  and c h l o r o p h y l l s .  In the bright 
y e l l o w - o r a n g e  m o s c h a t u m , z e a x a n t h l n  was 6 3 .3 %  of the 
c a r o t e n o l d s .  No c h l o r o p h y l l s  were d e t e ct e d . In the 
g r e y e d - o r a n g e  15. undul a t u m  a c c e s s i o n s ,  lu t e i n  and g - c a r o t e n e  
were found In the h i gh e st  p e r c e n t a g e s .
4.1.1 D1s cus s 1 on
Ta bl e  5 shows the I d e n t i f i c a t i o n  of c a r o t e n o l d s  and 
c h l o r o p h y l l s  w h i c h  Is base d on r e t e n t i o n  time of the peak 
fr om HPLC, a b s o r p t i o n  ma xi m a , and h y p s o c h r o m l c  shifts from 
s p e c t r o p h o t o m e t e r .  R e t e n t i o n  time of 8 pe aks from
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T ab le  9« Rercentage and t o t a l  amounts of c a r o t e n o ld s  and c h l o r o p h y l l s  in  r e l a t i o n  to  peta l c o l o r  of some ye l lo wlsh ~f lowered Dendrobium species#
P e t a l  c o l o r C a r o t e n o ld s  (%) Tota l C h l o r o p h y l l l s  « ) T o t a l
and sp ecies Neox anthln V lo ia x a  n th ln A n th era xa n th ln L u t o l  n Zea xan th ln p -C aro ten e (jug/g fr esh wt) Chi -  a Chi .  b ^ g / g  f r e s h  w t )
Y e l lo w
D# aggregatum 5 .3 3.1 25.8 22.7 43.1 - 35.7 - - -
0 .  h e l i x 19.8 8 .8 7.5 50.7 5 .8 7.4 6 3.7 5 3.2 46.8 49.1
0 .  ma crop hyl lum 1 2 .B 9 .8 11.3 29.3 5 .2 31.6 15.3 72.7 27 .3 7.7
D. sp ectab l le 12.1 5 .3 3.4 38.1 3 .9 37.2 20.7 39.6 6 0 .4 5 .3
Yel low-green
0# antennatum 9 .5 8 .7 3 .2 61.1 0 .8 16.7 25.2 6 5 .9 34.1 4 0.2
D. c a n a l Ic u la t u m 6 -3 7.2 3 .6 16.3 1.7 6 4.9 162.1 6 7.4 3 2.6 127.9
D. conanthum t o . 4 5 . 9 3 .0 35.1 3 .2 42.4 129.9 5 6.6 43.4 100.8
0 .  g o u l d l 1 7.2 0 .9 3 .2 42-3 3.4 43 .0 44.4 5 4.3 45.7 6 2 .6
0# lonoglossum 14.7 9 .8 5 .3 4 8.9 4 .4 16.9 86.8 6 0 .0 4 0 .0 104.6
0 .  S c h u l l e r  I 9 .9 6 .2 3 .7 27,1 4 .0 49.1 270.7 6 3 -0 37.0 164.8
0# s t r a t l o t e s 7 .9 8 .9 12.9 26.8 6 .9 36.6 t o . i 5 4 .0 4 6.0 12.6
0 .  undulatum v a r .  10.6
b r o o m f l e l d i ( ' S h l m o n l s h l *
6 .4 7.4 5 5.2 20.4 108.1 6 1 .0 39.0 6 2 .3
Y e l lo w -o r a n q e
0 .  moschatum 2.9 4.4 12.4 16.9 6 3 .3 - 83.2 - - -
Groyed -o ran ge
D. un d ula tum (D3 6-2 ) 10.6 4.1 4.1 33-1 3 .6 44.5 153.5 77.2 22.8 74.1
D, undulatum(04>-1  ) 10-4 5 .4 7 . 3 4 6.0 4 .9 26.0 70.0 6 8 .6 31.4 4 7.8
ON
D e n d r o b 1um petal ext ra ct  and sp i na ch  leaf extract were the 
same. This I n f e r r e d  that each peak that has the same 
r e t e n t i o n  time may be a r e p r e s e n t a t i v e  of the same 
c o m p o u n d .  In a d d i t io n ,  a b s o r p t i o n  m a x i m a  of p i g m e n t s  from 
D e n d r o b l u m  petal and s p i n a c h  leaf extract were simil ar.
This c o n f i r m e d  that p i g m e n t s  from both e x t r a c t s  were the 
same. W he n a b s o r p t i o n  ma x i m a  were c o m p a r e d  w ith  data on 
p i g m e n t s  from s p i na c h  ( B r a u m a n n  and Gri m me , 1981), the 
a b s o r p t i o n  m a x i m a  were not as close as from our own s p i n a ch  
leaf e x t r a c t.  This may be due to the d i f f e r e n c e s  In the 
I n s t r u m e n t a t i o n .
The p r o c e d u r e  for c a r o t e n o l d  and ch l o r o p h y l l  
I d e n t i f i c a t i o n  takes about 1 hr for e x t r a c t i o n  and a n o t he r  
ho u r  for HPLC. It p r o v i d e s  a more a c c u r a t e  and rapid 
a n a l y s i s  of p i g m e n t s  than pa per or thin layer 
c h r o m a t o g r a p h y .  R e t e n t i o n  times of all c o m p o u n d s  were 
l o n g er  than the data from B r a u m a n n  and G r i m m e  (1981) and 
B e n - A m o t z  al_. ( 1982). For e xa mp le , r e t e n t i o n  time for 
g - c a r o t e n e  In this e x p e r i m e n t  was about 40.2 mln but Its 
r e t e n t i o n  time r e p o r t e d  by B r a u m a n n  and G r i m m e  (1981) was 
about 28 mln. F r o m  H P L C  c h r o m a t o g r a m  (Figures 10, 12, 14, 
and 16), all peaks w ere  c l e a r l y  se pa r at e d . B r a u m a n n  and 
G r i m m e  (1981) w ere  not able to se p a ra te  z e a x a n t h l n  from 
l ute in , but In the pr ese nt  study, good s e p a r a t i o n  was 
o b t a i n e d  b e t w e e n  b ot h c o m p o u n d s  If there were large a m o u n ts
65
of z e a x a n t h l n ;  o t h e r w i s e ,  z e a x a n t h l n  elu ted  as a s h o u l de r  
b e h i n d  the lu t ei n peak. B e n - A m o t z  ^  (1982) also found
good s e p a r a t i o n  b e t w e e n  z e a x a n t h l n  and lutein.
In Ta bl e 7, some r e l a t i o n s h i p s  am ong sec t i on s  were 
o b s er v e d . S e c t i o n s  Cera t o b 1u m , E l e u t h e r o g l o  s s u m , and 
L a t o u r e a  ha ve  all 6 c a r o t e n o l d s  and c h l o r o p h y l l  a and b 
ex ce p t  s t r e b l o c e r a s  , from s e c ti o n C e r a t o b l u m . This
s p e c ie s  has only lutein, c h l o r o p h y l l  a and b, and some 
u n k n o w n  pi g m e n t s ,  w h i c h  are c a r o t e n o l d s  elu ted  b e t w e e n  
c h l o r o p h y l l  a and g - c a r o t e n e .  S e c t io n L a t o u r e a  has small 
a m o u n t s  of all 8 c o m p o u n d s ,  c o m pa r e d to the other two 
se c t i o n s .  A l t h o u g h  only one species each In se ct ion s  
C a l l I s t a  and E u g e n a n t h e  was  studied . It may be s i g n i f i c a n t  
that g-carotene and c h l o r o p h y l l  a and b were not d e t e c t e d  
In a g g r e g a t u m  and m o s c h a t u m . Both showed high
c o n c e n t r a t i o n s  of z e a x a n t h l n ,  lutein, and a n t h e r a x a n t h i n .
W l l f r e t  and K a m e m o t o  (1969) and K a m e m o t o  and Wll fr e t  
(1980) st u di e d  c r o s s a b i l i t y  of sp ecies b e t w e e n  se c ti o n s In 
D e n d r o b l u m  as well as the m e l o t l c  b e h a v i o r  of I n t e r s e c t 1 o n a 1 
h y b r i d s .  T he y  c o n c l u d e d  that se ct ion s Cerat o b l u m  and 
E l e u t h e r o g l o s s u m  w e r e  c l o s e l y  related, more d i s t a n t l y  
r e l a t e d  to L a t o u r e a , and most d i s t a n t l y  rel a t ed  to C a l 1 1 sta 
and E u g e n a n t h e . M o r e o v e r ,  se ct io ns C a l 1 1 sta and E u g e n a n t h e  
we r e  not c l o s e l y  rel a te d  b e c a u s e  of the d i f f i c u l t y  In 
p r o d u c i n g  I n t e r s e c t 1 onal cr oss es . The r e l a t i o n s h i p s  based
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on p r e s e n c e  or a b s e n c e  of c a r o t e n o l d s  and c h l o r o p h y l l s  In 
the pre se nt  study g e n e r a l l y  agree with their c o n c l u s i o n s .  
A l t h o u g h  sec t io n s  C a l 1 1 s ta and E u g e n a n t h e  showed s i m i l a r i t y  
In pig me nt  c o m p o s i t i o n s  (Table 7), It can not be c o n c l u d e d  
that both s e c t i on s are c l o s e l y  relat ed , b e c a u s e  only one 
spe ci e s from each s e c t i o n  was o b se rv ed . H o w e v e r ,  It 
s u g g es t s  that b i o c h e m i c a l  st udies may be useful In the 
t a x o n o m y  of D e n d r o b l u m .
The h y b r i d s  I n v e s t i g a t e d  are p o l y p l o i d s ,  and their 
a n c e s t o r s  I n c l u de  m a n y  g e n e r a t i o n s  of h y b r i d i z a t i o n  w i t h i n  
the s e c t i o n s  C e r a t o b l u m  and P h a l a e n a n t h e  ( K a m e mo to ,  1980). 
M a n y  spe ci es  In the s e c t i o n  Cerat o b l u m  ha*ve br ig h t  y e l l o w  
flo we r s,  but are small and of te n  u n a t t r a c t i v e .  D. 
p h a l a e n o p s 1 s of the s e c t i o n  P h a l a e n a n t h e  has large and 
a t t r a c t i v e  white, l a v e n d er ,  or purpl e flowers,. P e d i g r e e s  of 
some c u l t l v a r s  and s e l e c t i o n s ,  list ed In Ta ble 8, are shown  
In the A p p e n d i x  (F igu re s 3 2 - 44 ) .  Most a n c e s t o r s  are sp ecies  
f rom  s e c t i o n  Cer at ob 1 urn , such as 1). goul d 11 , grant 11 , 11. 
schul 1 erl , st rat 1 ot es , JD. taur 1 n u m , JO. tokal , and
u n d u l a t u m ; and from s e c t i o n  P h a l a e n a n t h e , such as 
b l g l b b u m  and p h a l a e n o p s l s . C a r o t e n o l d s  and c h l o r o p h y l l s  
wer e not d e t e c t e d  In spe ci es from sec t io n  P h a l a e n a n t h e  
(Table 7); t h e r e f o r e ,  all the h y b r i ds  (Table 8) have 
c a r o t e n o l d s  and c h l o r o p h y l l s  w h i ch  were I n h e r i t e d  from 
sp ec i es  In the s e c t i o n  C e r a t o b 1urn. If c a r o t e n o l d s  and
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c h l o r o p h y l l s  from mo re spe cies and sp ecies h y b r i d s  can be 
I d e n t i f i e d ,  then the i n h e r i t a n c e  of y e l l o w  color  might be 
e l u c i d a t e d  and w ou ld c o n t r i b u t e  to the I m p r o v e m e n t  of y e l l o w  
D e n d r o b l u m  c u l t l v a r s .
4.2 D e g r a d a t i o n  of Flo we r  P i g m e n t s  In D e n d r o b l u m  H y b r i d s
4.2.1 Pi g me n t  Cha n ge s  at D i f f e r e n t  Stages of Fl o we r s  In 
a sing le raceme
F r o m  o b s e r v a t i o n  In the s a r a n h ou s e , yo un g fl owers of 
K 52 8  ( Fig ure  17) and K637 (F ig ure  19) had some gr ee n  and 
y e l l o w  color  near the ce nt er  of the flowers, but both colors 
fa ded r a p i d l y  after  b l o o m i n g .  T h e r e f o r e ,  m a t u r e  flo we rs of 
K 528  and K637 a p p e a r e d  to be wh it e wit h pu rp le  tinge and 
light pur pl e,  r e s p e c t i v e l y .  In con t r as t,  fl owers of K650 
(F igu re  21) we r e  bright y e l l o w  and the y e l l o w  color 
p e r s i s t e d  for more than a month.
The a b s o r b a n c e  of a n t h o c y a n l n s ,  f l a v o n ol s ,  c a r o t e n o l d s ,  
and c h l o r o p h y l l s  of pe ta l s  of K528, K637, and K 6 50  at 
d i f f e r e n t  stages Is sho w n In T ab le 10. The grap hs  of all 
p i g me n t  c o m p o n e n t s  In peta ls of the h y b r i d s  are sh ow n In 
F i g u r e s  18, 20, and 22.
In K528 (Table 10; Fig u re  18), a n t h o c y a n l n s  we re found 
In low c o n c e n t r a t i o n  t h r o u g h o u t  10 st ag es.  C a r o t e n o l d s  
d e c r e a s e d  r a p i d l y  from stages 1 to 3, and then r e m ai n e d
6 8
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Table 10. Absorbance of flower pigments In three Dendroblum crosses at 
different stages of flowers In a single raceme.
Cross Stage^ Anthocyanlns Flavonols Carotenolds Chlorophylls




1 0.013 11.700 0.245 0.055
2 0.015 9.500 0.084 0.048
3 0.005 7.550 0.052 0.032
4 0.006 9.300 0.047 0.031
5 0.017 7.900 0.045 0.030
6 0.005 8.800 0.046 0.019
7 0.002 8.800 0.030 0.014
8 0.000 8.600 0.036 0.014
9 0.000 8.800 0.034 0.012
10 0.000 9.500 0.034 0.012
1 0.285 8.600 0.245 0.078
2 0.265 8.000 0.118 0.052
3 0.265 8.200 0.091 0.046
4 0.205 7.500 0.068 0.041
5 0.255 7.650 0.066 0.039
6 0.310 8.000 0.039 0.041
7 0.240 7.700 0.035 0.030
8 0.262 7.500 0.035 0.030
9 0.225 7.500 0.019 0.028
10 0.193 7.100 0.032 0.023
1 0.046 11.800 1.130 0.178
2 0.040 8.750 1.240 0.150
3 0.038 8.700 0.985 0.154
4 0.041 10.400 1.080 0.152
5 0.038 8.450 1.100 0.138
6 0.040 7.850 1.100 0.141
7 0.043 9.000 1.080 0.152
8 0.039 8.500 1.220 0.134
9 0.047 9.550 1.245 0.161
10 0.038 9.150 1.070 0.133
^Stage Is numbered from the flower that has just opened as stage 1, 
followed down toward the raceme base to stage 10, respectively.
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Figure 17. Flowers of K528 and its parents.
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FLOWER STAGE IN A RACEME
Figure 18. Absorbance of anthocyanins (A A), flavonols (A A ) ,
carotenolds (•---•), and chlorophylls (o o)  in K528 at different
stages of flowers in a single racene. Flower stage was numbered from 
the flower that had just opened as stage 1 followed down toward the 
raceme base to stage 10, respectively.
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Figure 19. Fading of flower color in K637.
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FLOWER STAGE IN A RACEME
Figure 20. Absorbance of anthocyanins ( A  A ) ,  flavonols ( A  A ) ,
carotenolds (•---•), and chlorophylls (o -o) in K637 at different
stages of flowers in a single raceme. Flower stage was numbered from 
the flower that had just opened as stage 1 followed down toward the 
raceme base to stage 10, respectively.
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Figure 21. Flowers of K650.
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FLOWER STAGE IN A RACEME
Figure 22. Absorbance of anthocyanins (A A), flavonols (A A ) ,
carotenolds (•--- •), and chlorophylls (o— o) in K650 at different
stages of flowers in a single raceme. Flower stage was numbered from
the flower that had just opened as stage 1 
raceme base to stage 10, respectively.
followed down toward the
r e l a t i v e l y  st able. C h l o r o p h y l l s  d e c r e a s e d  g r a d u al l y .  
F l a v o n o l  con te nt  f l u c t u a t e d  and did not show any p a t t e r n  of 
I n c r e a s e  or d e c r e a se .
In K637 (Table 10; Figu re  20), the a b s o r b a n c e  of 
a n t h o c y a n l n s  w h ic h  c o n t r i b u t e  to pur ple  c o l o r a t i o n ,  was 
r e l a t i v e l y  h ig h  from stages 1 to 10, a l t h o u g h  there was a 
g r a d ua l  d e c l i ne .  C a r o t e n o l d s  d e c r e a s e d  r a p id l y  from stages 
1 to A, then d e c r e a s e d  g r a d u a l l y  to very low a mo un ts .  
C h l o r o p h y l l s  showed a slight d e c r ea s e  from stages 1 to 2, 
then m a i n t a i n e d  low c o n c e n t r a t i o n s  thr o ug h all stages. 
F l a vo n o l con t e nt  show ed  slight v a r i a t i o n  among the 10 
sta ges  .
In K 65 0  (Table 10; Fi gu r e  22), c a r o t e n o l d s  were found 
In the h i g he s t  c o n c e n t r a t i o n s ,  co m pa r e d to the other two 
c r o s se s ,  and r e m a i n e d  r e l a t i v e l y  co n s ta n t . A n t h o c y a n l n  
con te n t was low. All p i g m e nt s .  I.e. a n t h o c y a n l n s ,  
f l a v o n o l s ,  c a r o t e n o l d s ,  and c h l o r o p h y l l s ,  m a i n t a i n e d  their 
c o n c e n t r a t i o n s  from stage 1 to 10.
4.2. 2 C a r o t e n o l d  and C h l o r o p h y l l  Cha n ge s  In G r o w t h  and 
D e v e l o p m e n t  of F l o we r s
T ab le  11 sh ows c a r o t e n o l d  and c h l o r o p h y l l  c h a ng e s In 
g r o wt h  and d e v e l o p m e n t  of fl owers of K5 28  and K 6 37.  At the 
bud stage of both crosse s,  8 p i g m e n t s  were found In high 
c o n c e n t r a t i o n s ,  and their c o n c e n t r a t i o n s  d e c r e a s e d  when buds
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T a b l e  1 1 .  ( ; ^ a n t l t a t l v e  d i s t r i b u t i o n  o f  c a r o t e n o l d s  and c h l o r o p h y l l s  a t  d i f f e r e n t  s t a g e s  o f  g r o w th  and d e v e lo p m e n t  o f  
f l o w e r s  In  tw o  D e n d r o b l u m  c r o s s e s .
N e o x a n th  I n V i o l a x a n t h i n A n t h e r a x a n t h l n L u t e I n Z e a x a n t h l n p - c a r o t e n e Chi .  a Chi  .  b
C r o s s F l o w e r  s t a g e (■pg/g  f r e s h  w t )
K528 Bud( 2 - 3 . 2 c m ) 6 . 2 4 . 5 3 . 8 1 7 .3 2 . 1 3 4 . 0 6 4 .1 3 4 . 2
B l o o m i n g 1 . 8 1 .4 1 .4 4 . 2 0 . 6 5 . 8 1 4 .2 8 . 9
2 - 4  wks a f t e r  
b l o o m i n g
0 . 2 0 . 1 0 . 3 0 . 9 0 . 4 - - -
K637 B u c k  2 - 3 . 2 c3i i ) 5 . 3 3 . 4 3 . 3 14.1 1 . 6 2 3.1 5 6 . 6 2 7 . 2
B l o o m i n g 3 . 7 2 . 6 3 . 2 8 . 2 1 . 6 1 5 .7 3 1 .5 1 7 .6
2 - 4  wks a f t e r  
b l c K m l n g
0 . 2 0 . 1 0 . 1 0 . 1 0 . 1 - 1 . 0 0 . 2
d e v e l o p e d  to the b l o o m i n g  stage. Two to four week s after 
b l o o m i n g ,  g - c a r o t e n e  and c h l o r o p h y l l  a and b were not 
d e t e c t e d  In K 52 8  (Fi gure 23; Table 11) w h il e  only g - c a r o t e n e  
was not d e t e c t e d  In K637 (Figure 24; Table 11). In 
ad d i t i o n ,  othe r p i g m e n t s  that re ma in ed In the pe t al s  had low 
c o n c e n t r a t i o n s  c o m p a r e d  to the bud stage and the b l o o m i n g  
st age .
4. 2.3  D i s c u s s i o n
The three p r o g e n i e s ,  K528, K637, and K650, are 
r e l a t i v e l y  u n i f o r m  b e c a u s e  the par ents Inv o l ve d were 
a m p h l d l p l o l d s  , near a m p h l d 1p i o 1d , and a spe cies (K ame mo t o,  
1980). All three cr os s e s had II. Ma y Neal ' S r l so b ho n ' , an 
I n d u c e d  t e t r a p l o l d ,  as one parent. A l t h o u g h  I). May  Neal 
' Sr l s o b h o n '  Is a se c on d  g e n e r a t i o n  hyb ri d, c h r o m o s o m e  
d o u b l i n g  has r e s u l t e d  In d u p l i c a t i o n  of c h r o m o s o m e s  and 
h o m o z y g o s i t y  In c h r o m o s o m e  pairs. This plant has bright 
y e l l o w  pet al s  and sepals, and c o n t r a s t i n g  pur pl e lip. It 
has been w i d e l y  used by orch id  h y b r i d i z e r s  to p r od u c e  
y e l l o w - f l o w e r e d  o f f s p r i n g .  K528 Is a cross b e t w e e n  _D. May 
Neal ' S r l s ob h o n'  and a m p h l d l p l o l d  £. Ca e sa r  with light 
y e l l o w  p e t a l s  and purpl e In the center, but flo we r color 
fa de d  to w h it e  ra pi d ly . K637 Is a cross b e t w e e n  May Neal 
' S r l s o b ho n '  and a m p h l d l p l o l d  D. J a q u e l y n  T h o ma s  '66217' w i t h  
light purpl e fl ow er s. K650 Is a cross b e t w e e n  _D. May Neal 




T I M E ,  M I N U T E S
Figure 23. HPLC chromatogram of carotenoids and chlorophylls in 
different stages of growth and development in petals of K528. Bud, 
young flower, and old flower refer to 2.0-3.2 cm bud length, blooming, 
and 2-4 wks after blooming, respectively. Peak 1 = neoxanthin. Peak 2 
= violaxanthin. Peak 3 = antheraxanthin. Peak 4 = lutein. Peak 5 = 
zeaxanthin. Peak 6 = chlorophyll b. Peak 7 = chlorophyll a. Peak 8 =
B-carotene.
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T I M E ,  M I N U T E S
Figure 24. HPLC chromatogram of carotenolds and chlorophylls in 
different stages of growth and development in petals of K637. Bud, 
young flower, and old flower refer to 2.0-3.2 cm bud length, blooming, 
and 2-4 wks after blooming, respectively. Peak 1 = neoxanthln. Peak 2 
= violaxanthin. Peak 3 = antheraxanthln, Peak 4 = lutein. Peak 5 = 
zeaxanthln. Peak 6 = chlorophyll b, Peak 7 = chlorophyll a. Peak 8 = 
B-carotene.
K5 28 and K637 are h y b r i d s  from one parent that has 
brig ht y e l l o w  pet a ls  (D. May Neal 'S rls ob h on ' )  and the other 
w it h  light pur p le  (£. J a q u e l y n  Tho m as  '66217') or c r e a m l s h  
y e l l o w  pe t al s  fad in g  to white (J5. C aes ar) . The flow er color 
of both cr os s e s Is pale y e l l o w  and fades r a p id l y  after 
b l o o m i n g .  Th ese two cr oss es suggest that y e l l o w  flower  
co lor  Is I n h e r i t e d  q u a n t i t a t i v e l y .  M o r e o v e r ,  both cr os s e s  
I n v ol v e  t e t r a p l o l d s ,  fu rt he r  c o m p l i c a t i n g  the nat ur e  of 
co lor  I n h e r i t a n c e .  In co nt r a st ,  K650, a t r l p l o l d  h y br i d  
from two p a r e n ts  w ith  bright y e l l o w  petals, did not show any 
f ad i n g  of color. Thus, d e g r a d a t i o n  might be due to gen et ic  
con tr o l b e c a u s e ,  a m on g  the three cr osses e x a m i n e d ,  two out 
of three sh ow ed  d e g r a d a t i o n .
Th ere  Is no s i g n i f i c a n t  change of f l a v o n ol s ,  w h ic h  are 
c o - p l g m e n t s .  In pet a ls  of the 3 cr os s e s.  This result Is 
s i m i l a r  to that o b t a i n e d  by Pecket (1966). He ob s er v e d  
c o l o r cha n ge s  In fl ow er s  of L a t h y r u s  h i r s u t u s  dur i n g  
s e n e s c e n c e  and c o n c l u d e d  that the a n t h o c y a n l n  content 
d e c r e a s e d ,  but flavonol g l y c o s i d e  did not chan ge  In 
quant 1 1 y .
C a r o t e n o l d s  and c h l o r o p h y l l s  d e c l i n e d  c o n t i n u a l l y  from 
bud stage to 2 we ek s  after  b l o o m i n g  In K528 and K637 (Table 
11). S t l c k l a n d  (1972) found si milar results In fl orets of 
c h r y s a n t h e m u m s .  A c c o r d i n g  to V a l a d o n  and M u m m e r y  (1969), 
e p o x y - c a r o t e n o 1 ds and their d e r i v a t i v e s  In roses In c re a s ed
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and g-carotene d e c r e a s e d  with age by o x i d a t i v e  p r o c es s es .  
H o w e v e r ,  In the pre s en t  study, n e o x a n t h l n ,  v l o l a x a n t h l n ,  and 
a n t h e r a x a n t h i n ,  w h i c h  are e p o x y - c a r o t e n o l d s , d e c r e a s e d  
d r a s t i c a l l y  In cro s s es  K 528  and K637 (Table 11).
A .3 C y t o l o g y  and Y e l l o w  F l o w e r  Color I n h e r i t a n c e
A . 3.1 C y t o l o g y
C h r o m o s o m e  n u m b er s  of some D e n d r o b l u m  a c c e s s i o n s  are 
r e p o r t e d  In Ta bl e 12. Most of these plants were of 
e x c e p t i o n a l  h o r t i c u l t u r a l  q u a l i t i e s  sold at ga r d e n  shops In 
H o n o l u l u .  A m on g  s i x t e e n  plants c y t o l o g l c a l 1 y e x a mi n ed ,  only 
two were d i p l o i d s  w it h 2n=38, whil e the rest were eit her  
t r l p l o l d s  or t e t r a p l o l d s .  Thus, the m a j o r i t y  of Im p ro ve d  
y e l l o w  to b r o n z e  plants are p o l y p lo i d s.
4. 3.2 Y e l l o w  Flo we r Color I n h e r i t a n c e
D. J a q u e l y n  T h o m a s  'Y166-1' Is an a m p h l d l p l o l d  wh ich  
o r i g i n a t e d  from c h r o m o s o m e  d o u b l i n g  of a cross b e t w e e n  
p h a l a e n o p s 1 s 'Lyon's Li ght No. 1', w h ic h  Is wh i te  with 
p i n k i s h  tinge on the aba xlal petal and sepal s u r fa c es ,  and a 
d i p l o i d  w h i te  J), gou ldl l . Two g e n e r a t i o n s  of sel f ln g  and 
s e l e c t i o n  has r e s u l t e d  In K 1 5 9 - 2 1  w h i c h  was lar g er  and 
w h i t e r  than 'Y166-1' (Figure 25).
C r o ss e s  were made b e t w e e n  p r o g e ny  of 'Y166-1' and the
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Table 12. Chroraosorae nurabers in some Dendroblum accessions.


























C. K. A1 'Oka'
Tay Swee Keng 
Mary Mak
Field King AM/AOS
Prince Kuhio X Llhollho
A1ice Oueen
undulatum var. broomfleldii S h i m onlshl'
yel1ow 37
white with purple lip 38
white with purple lip 76
white with purple lip 38













15. phalaenopsls 'Lyon's Light No.l' (2N) X gould 11 (2N)
(white w it h  pink tinge) ( w h l t e )
c h r o m o s o m e  d o u bl i ng
]5. J a q u e l y n  Th om as  'Y166-1' (4N) 
( c o n s p i c u o u s  pink tinge)
selfed 
K 4 4 - 5 0  (4N)
(whiter than 'Y166-1')
selfed 
K1 59- 21  (4N)
(whiter than K 4 4- 5 0 )
Fig ur e  25. R e l a t i o n s h i p s  of _D. J a q u e l y n  Thoma s plants Involv ed In I m p r o v in g  
y e l l o w  D e n d r o b l u m  cu l t l v a r s .
CX34^
br ig h t  y e l l o w  May Neal 'S r ls o b ho n ' , or the y e l l o w - b r o n z e  
Field K i n g  to p o s s i b l y  com bin e the hig h yie l d s and other 
cut flo we r  q u a l i t i e s  of D^ . J a q u e l y n  Tho m as  wi th y e l l o w  
flo we r  color. Ta bl e 13 shows the s e g r e g a t i o n  o b s e r v e d  In 
v a r i o u s  c r o s se s  In this progra m. P r o g e n y  K250 (K44-50 X 
F i e ld  King) we re all light pu rp le  or purple a l t h o u g h  when 
the flo w er s  first ope n e d a c r e a m l s h  y e l l o w  w h i ch  soon faded 
was o b s e rv e d . P r o g e n y  K3 82  (K159-21 X J). Fi eld K in g) was 
m o s t l y  light pu r pl e  and pur ple  but a few pla n t s were light 
y e l l o w  and one plant was light bronze. P r o g e n y  K500 
( K 2 5 0 - 2 9  sel f ed )  s e g r e g a t e d  Into light pu rple, light yellow, 
yel lo w , and white, r e c o v e r i n g  both the white and y e l l o w  
co lo r s of the p a r e n ts .  P r o g e n y  K487 (K250-2 9 X J). May Neal) 
and K 52 6  (K2 5 0- 2 9  X Fi eld Ki ng ) both s e g r e g a t e d  a range 
of flo wer  col o rs  from purple th rou gh shades of y e l l o w  and 
b r o n z e  to whi te,  but K487 gave a hig h e r p r o p o r t i o n  of y e l l o w  
pl ant s.  I n d i c a t i n g  more t r a n s m i s s i o n  of genes for y e l l o w  by 
May Neal. P r o g e n y  K642 (^. S p e l l b o u n d  X a light l a v e n d e r  
K 3 8 2 - 1 8 )  also s e g r e g a t e d  Into a range of purple, yellow, and 
w h i t e colors (F igu re  26). A l t h o u g h  ^ . S p e l l b o u n d  has white  
p e t a ls  and sepa ls  and a p u rp l e U p ,  It Is a h y b ri d  b e t w e e n  
V a l l e y  Ki n g  and Pa kanu, the second of w h i c h Is 
yel lo w . P r o g e n y  K662, ho w e ve r ,  a cross b e t w e e n  the whit e  
K 1 5 9 - 2 1  and a y e l l o w  plant of p r o g e n y  K487 (K 4 87 - 1 31 )  gave 
all w h it e  pr og e n y.  H o w e v e r ,  some plants showed a light
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T a b le  13. S eg reg a tion  of  o f f s p r i n g  of c ro sses which have D. Jaq ue ly n  Thomas * Y166-1  * as 




no. P arents LP P LY Y LBR BR W T o t a l
K250 K44-50 X D. F i e l d  k i n g  
( w h i t e )  ( y e l l o w - b r o n z e )
29 3 - - 32
K382 K159-21 X £ .  F i e l d  King  
( w h i t e )  ( y e l l o w - b r o n z e )
8 8 4 -  1 - - 21
K500 K250-29 s e l f e d  
( 11ght p u r p l e )
11 - 4 2 - - 3 20
K487 K2 50-29 X £ .  May Neal 
( L P )  ( y e l l o w )
2 - 21 36 6 8 7 80
K526 K250-29 X £ .  F i e l d  King  
( L P )  ( y e l l o w - b r o n z e )
7 - 4 1 3 3 - 18
K642 D. S pell bound X K382-18 
( w h i t e )  ( l i g h t  la ven de r )
2 19 13 17 - 15 66
K662 K159-21 X K487-131 
( w h i t e )  ( y e l l o w )
- - 20 20
LBR • l i g h t  b r o n ze ,  BR -  b r o n z e ,  W «  » h l t e .
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K 6 4 2
Figure 26. Flower color segregation in K642.
y e l l o w  color w hen  the flo wers first opened w h ic h  soon faded.
T a b l e 14 shows the q u a n t i t a t i v e  d i s t r i b u t i o n  of 
c a r o t e n o l d s  and c h l o r o p h y l l s  In the petals of some 
D e n d r o b 1 urn cro ss e s alon g wi th  their pa re nts . The o f f s p r i n g  
of K 43 2,  K528 , K650, and K751 were r e l a t i v e l y  u n i f o r m  In 
flo we r  color  b e c a u s e  par e nt s  In vo lv ed are a m p h l d l p l o i d  (D. 
C a e sa r ) , near a m p h l d l p l o i d  (I). May Neal ' Sr l s o b h o n ' ) ,  or 
sp ec i es  (_D. st rebl oce ra s , hel 1 x , and 15. canal 1 c u l a t u m ) .
T h e s e  par en ts  wh en selfed or crossed p r o du c e u n i f o r m  F ■[ 
p r o g e n y  ( K a m e m ot o ,  1980).
K432 f l o we r s  were g r e y e d - o r a n g e ,  close to one of Its 
p a r e n t s ,  st r e b l o c e r a s . st r e b l o c e r a s  had lutein,
c h l o r o p h y l l s  a and b, and some u n k n o w n  c a r o t e n o l d s  that had 
r e t e n t i o n  times b e t w e e n  c h l o ro p h yl l  a and B- c a ro t e ne  (Figure 
14). T h ese  u n k n o w n  c a r o t e n o l d s  had h i g he r peaks than the 
I d e n t i f i e d  c o m p o u n d s .  The p r e d o m i n a n c e  of these u n k n o w n  
c a r o t e n o l d s  Infers that they c o n t r i b u t e  m a jor  color in D. 
st r e b l o c e r a s . K432 , h o w e v er ,  did not or had very small
a m o u n t s  of these u n k n o w n  c a r o t e n o l d s ,  and so were not 
d e t e c t e d  w ith  HPLC. M o r e o v e r ,  K432 had all 8 m a j o r  
pi g m e n t s ,  but In lower c o n c e n t r a t i o n s  than the other parent, 
canal 1 c u l a t u m , except g ' c a r o t e n e  (Table 14). Thus, all 
c a r o t e n o l d  p i g m en t s  were t r a n s m i t t e d  from I), canal I c u l a t u m  
to the hyb rid .
K52 8 had c a r o t e n o l d  and c hl o r o p h y l l  amo u n ts  h i gh e r  than
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T a b le  14. Q u a n t i t a t i v e  d i s t r i b u t i o n  of c a r o t e n o ld s  and c h l o r o p h y l l s  In p e t a l s  of some Dendrobium cro sses w it h  t h e i r  p a r e n t s .
C ross Neoxanthln V l o la x a n t h ln A n t h e r a x a n th ln  L u t e i n  Zea xan thln p -c a r o t e n e C h i .  a C h i .  b
n o . Pare nt  and o f f s p r i n g ( ^ g / g  f re sh  wt)
K432 D. s t r e b l o c e r a s  (2N>
( 9 ’eyed orange) (1 6 8 6 )  
0 .  c a n a l Ic u la t u m  ( 2 N )  
( y e l l o w  gree n)  (1 54 B) 
O f f s p r i n g






















K528 D. Caesar (4 N )
( p a le  y e l l o w )  ( 155B)
0 .2 0 .2 0 . 3 0 .8 0.1 “ 4 .0 1.5
£ .  May Neal (4 N )  
( y e l l o w )  (7 A )
8.1 4 .6 2 .3 18.9 1 .9 43.0 37 .6 24.4
O f f s p r i n g
( p a l e  y e l l o w )  (1 5 0 6 )
1 .8 1.4 1.4 4 .2 0 .6 5 .8 14.2 8 .9
K650 £ .  May Neal (4 N )  
( y e l l o w )  ( 7 A )
8 .2 4 .6 2 . 3 18.9 1.9 43.0 3 7.6 24.4
D .  h e l i x  (2 N )  
( y e l l o w )  ( 7 6 )
12.6 5 .6 4 .8 32.3 3 .7 4 .7 26.1 2 3.0
O f f s p r i n g  
( y e l l o w )  (1 51 6)
28.0 12.5 4 .5 36.9 3.7 - 120.5 104.1 4 7.4
K75I £ .  Caesar (4 N )
( p a l e  y e l l o w )  (1 55 6)
0 .2 0 .2 0 .3 0 .8 0.1 " 4 .0 1.5
D .  c a n a l Ic u la t u m  (2 N )  
( y e l l o w  T^ee n)  (1 5 4 6 )
10.2 11.6 5 .9 26.4 2.7 105.3 8 6 .2 4 1.7
O f f s p r i n g
( p a l e  y e l l o w )  (1 54D)
0 . 2 0 .3 0 .8 1.6 0 .7 2 .9 9 . 0 3 .6
S l o w e r c o lo r  was matched with th e  c o lo r  c h a r t o f  th e  Royal H o r t i c u l t u r a l S o c i e t y ,  London.
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In Cae s a r but m uch  lower than in Jl. May Neal 'Srlsob ho n'  
(Table 14). D^ . C a es a r  (^. ph a l a e n o p s l  s X £. s t r a t l o t e s ) had
c r e a m l s h  yel low, w h i c h  was passed on from D. s t r a t l o t e s , but 
the light y e l l o w  co lo r faded rap i dl y  after fl owers opened. 
This was s i m i l a r  to the color ch a ng es  o b t a i ne d  In K528.
K 650  had h ig h c o n c e n t r a t i o n s  of c a r o t e n o l d s  and 
c h l o r o p h y l l s  sim i la r to both parents, JD. May Neal 
'S rl s ob h o n'  and _D. hel 1 x (Table 14). This cross tended to 
c o n t a i n  h i g h e r  pi gm e n t c o n c e n t r a t i o n s  than Its pa ren ts , 
e s p e c i a l l y  for g - c a r o t e n e ,  c h l o r o p h y l l s  a and b.
K751 f l o w e r s  were c r e a m l s h  y e l l o w  but the color faded 
r a p i d l y  a f te r  b l o o m i n g .  K751 and one of Its p a ren ts , D. 
Ca es a r , had low c o n c e n t r a t i o n s  of the pi gm en ts,  w h ile  the 
ot her pa re n t , canal 1 c u l a t u m , had hi gh  pigment  
c o n c e n t r a t i o n s  (Table 14).
4.3. 3 D i s c u s s i o n
Most of the D e n d r o b l u m  a c c e s s i o n s  e x a mi n ed  
c y t o l o g i c a l 1 y were a w a r d - w l n n l n g  or ch id s. The results 
sho wed  that the m a j o r i t y  are tr lp l o ld s  and t e t r a p l o l d s  
(Table 12). I n c r e a s e  In pl o l d y  will result In an Inc r e as e  
In size of the flow er  parts, such as w i dt h  and s u b s t a n c e  of 
the sepa ls  and pe ta l s  (T an ak a  and K a m e m o t o ,  1984), w h i c h  are 
d e s i r a b l e  c h a r a c t e r i s t i c s .  For e xa mpl e,  a t e t r a p l o l d  D. 
S p e l l b o u n d  (D194) has lar g e r flower w i d t h and h e a v i e r
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su b s t a n c e  than the d i p l o i d  co u n t e r p a r t  (D193). T h e r e f o r e ,  
m a n y  a w a r d - w l n n l n g  plants are t r l p l o l d s  and t e t r a p l o l d s .
R e l a t i v e l y  lit t le  r e s e a r c h  on color I n h e r i t a n c e  In 
o rc h i d s ,  e s p e c i a l l y  In the genus D e n d r o b l u m , has been 
c o n d u c t e d .  D e n d r o b l u m s  are o p e n - p o l 1 1 n a te d  crops, have 
c o m p l e x  flo we r co lors, and long life cycles of 4-5 years.
In some d e n d r o b l u m s ,  flower color of sepals, pe tals, and 
lips (m o d i f i e d  petals) are c o m p l e t e l y  d i s t in c t.  E v e n  In the 
same tissue, m a n y  colo rs  are mi xed t o g e t h e r  like an art 
work. T h e r e f o r e ,  It is di f f i c u l t  to e l u c i d a t e  color 
I n h e r i t a n c e  In D e n d r o b l u m  fl ow ers . A m e t h o d o l o g y  for 
c a r o t e n o l d  and c h l o r o p h y l l  I d e n t i f i c a t i o n  was d e v e l o p e d  In 
this study. F u r t h e r  b i o c h e m i c a l  I n v e s t i g a t i o n s  might lead 
to a b e t t e r  u n d e r s t a n d i n g  of the I n h e r i t a n c e  of y e l l o w  and 
g r e e n  flo w e r color.
Y e l l o w  D e n d r o b l u m  f l o w e r s  have v a r i o us  d e g re e s  of 
y e l l o w n e s s ,  such as y e l l o w  tinge In v a s c u l a r  tissue, 
c r e a m l s h  yellow, pale yel low, bright yellow, y e l l o w - o r a n g e ,  
and y e l l o w - b r o n z e .  The color is not c l e a r l y  cl a s s i f i e d .
Fr o m  the b i o c h e m i c a l  study of the pi gm e n ts , 6 m a jo r  
c a r o t e n o l d s  and c h l o r o p h y l l s  a and b were d e t e c t e d  In 
d i f f e r e n t  q u a n t i t i e s  In the m a j o r i t y  of y e l l o w  flowers.
This ma y suggest that y e l l o w  color Is a q u a n t i t a t i v e  trait. 
In othe r wor d s,  c a r o t e n o l d s  are c o n t r o l l e d  by several genes.
C a r o t e n o l d  and f l a v o n o l d  b i o s y n t h e t i c  pa th wa y s are
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u n r e l a t e d ;  t h e r e f o r e ,  both groups of p igm ent  are g e n e t i c a l l y  
I n d e p e n d e n t  (Harp er , 1972b). G r l e s b a c h  (1984) stu di ed  
c a r o t e n o l d - a n t h o c y a n l n  c o m b i n a t i o n s  on the bro n z e fl ow e re d  
h y b ri d ,  P h a l a e n o p s 1 s a m b o 1n e n s 1 s X D o r l t a e n o p s l s  Grebe. 
P h a l a e n o p s l s  a m b o l n e n s 1s fl o we rs  are y e l l o w  with br ow n  
spots, w h i c h  are due to c a r o t e n o l d s .  D o r l t a e n o p s l s  Grebe 
f l o we r s  are m a g e n ta ,  w h i c h  Is due to a m a g e n t a  a n t h o c y a n l n .  
The b r o n z e  color In the D o r l t a e n o p s l s  h y b r i d  Is the c o m bi n e d  
effe ct of c a r o t e n o l d s  and a n t h o c y a n l n s ,  w hi ch Is I n h e ri t ed  
q u a l i t a t i v e l y .  His r esu lt s are d i ff ere nt  from othe r studies 
In the gen e r a One 1d 1u m , P h a l a e n o p s 1 s , and D e n d r o b 1u m . In 
s e c t i o n  V a r l e g a t a  of the genus O n c l d l u m , y e l l o w  color Is 
d o m i n a n t  over red color, m a s k i n g  the reds or c o n f i n i n g  the 
red colo r to the ba ck of the flowers (Molr and Molr, 1980). 
Fr eed (1979) r e p o r t e d  that u s u a l l y  the y e l l o w  colo rs  fade or 
may  be h i d d e n  In the first g e n e r a t i o n  and will show In the 
f o l l o w i n g  g e n e r a t i o n .
The re s ul t s  from the D e n d r o b l u m  b r e e d i n g  p r o g r a m  at the 
U n i v e r s i t y  of Hawaii showe d that cr oss es  b e t w e e n  two bright 
y e l l o w - f l o w e r e d  pa re nt s  p r o d uc e  o f f s p r i n g  that are yellow, 
and the color does not d e g r ad e  rapidly. On the other hand. 
If one parent has fl owe rs w h i ch  are white, light pur ple, or 
y e l l o w  w h i c h  fades rapidly, the o f f s p r i n g  can be w h i t e or 
light pur p l e w ith  c r e a m l s h  or pale ye llow, w h ic h  fades 
rap 1 d l y .
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Ta ble  13 shows that K 4 4 - 5 0  and K1 5 9- 2 1  do not have any 
c a r o t e n o l d s .  Wh en  they were cr o ss e d  with y e l l o w - b r o n z e  
f l o w e r e d  D^ . Field Ki ng, the o f f s p r i n g  (K250) had purple 
color or light pur p le  wi th  pale y e l l o w  w h i c h  faded rapidly. 
Some s e g r e g a t i o n  In flo wer  color of K2 50 was p r o b a b l y  due to 
the h e t e r o z y g o u s  nat u r e of Field K i n g ( K am emo to , 1980).
S e l f l n g  a s e l e c t e d  hy b r i d  Ind iv i du a l  (K 250-29) p r o d u c e d  a 
s e g r e g a t i n g  p r o g e n y  (K500). C r o s s i n g  the s e l e c te d  h y b r id  
I n d i v i d u a l  (K 2 50- 29 ) w i t h  a bright y e l l o w  flo w e re d  plant, 
e i t h er  Fiel d K i n g  or D. May Neal ' Sr ls o bh o n ',  p r o du c e a 
h ig h  p r o p o r t i o n  of yel 1 ow-f 1 owe r ed  o f f s pr i ng .  In K6 42 (JD. 
S p e l l b o u n d  X K382-18)*, the y e l l o w  fl o w e r  color h i d d e n  In the 
paren t g e n e r a t i o n  was e x p r e s s e d  In this progen y.  P r o g e n y  of 
K662 (K159 -21  X K 4 8 7 - 1 3 1 )  gave all whi te s  ( a l t h o u g h  some 
sh ow e d  light y e l l o w  when fl owers open ed w h i ch  later turned 
wh it e )  b e c a u s e  K 1 5 9 - 2 1  was whit e and K 4 8 7 - 1 3 1  was a hy br i d  
b e t w e e n  light pu r pl e  (K250 -29 ) and bright y e l l o w  (I). May 
Neal) pa r en ts ;  t h e r e f o r e ,  y e l l o w  c ol or was h i d d e n  or did not 
h av e  h ig h  color I n t e ns it y . It Is di f f i c u l t  to e l u c i d a t e  the 
y e l l o w  fl ow e r  color I n h e r i t a n c e  from T a bl e  13 b e c a u s e  
nurabers of o f f s p r i n g  o b s e r v e d  are not su f f i c i e n t  and 
F i e l d K in g  has h e t e r o z y g o u s  ge n ot ype .
It Is I n t e r e s t i n g  to note that K 65 0 Is the hy br i d  from 
p a r e n t s  w h i c h  have d i f fe r en t  plo l d y lev els  (Table 14). K650
Is a tr l p l o l d  p r o g e n y  d e r i v ed  from the cross b e t w e e n  dip l oi d
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Jl. hel 1 X and t e t r a p l o l d  II. May Neal ' Sr lso bho n'  (K a m e m o t o  ^  
a l ., 1972). U n l i k e  the p r o g en i e s of K432, K528, and K751,  
the flo we rs  of K65 0 h av e c a r o t e n o l d  and ch l o r o p h y l l  content  
cl ose to or s l i g h t l y  hig h e r than the ' S r l s o b ho n ' . This may 
be due to the effect of p o l y pl o i dy .
K751 Is also a trl p l ol d  hyb rid, but Its flo wer s have 
r e l a t i v e l y  low c o n c e n t r a t i o n s  of c a r o t e n o l d s  and 
c h l o r o p h y l l s  (Table 14). This t rl plo ld p r o g e n y  I n h er i t ed  
only one c h r o m o s o m e  set from canal 1 c u l a t u m , w h ic h  has
hi g h  am o u nt s  of c a r o t e n o l d s  and c h l o r o p h y l l s .  The other two 
c h r o m o s o m e  sets came from II. Caesar, w h ic h  has low am ou nts  
of the pig me nt s .
In gen e r al ,  c a r o t e n o l d s  and c h l o r o p h y l l s  are In h er ite d  
q u a n t i t a t i v e l y  with a d d i t i v e  e ffe cts  of gene I n t e r a c t i o n  
since h y b r i d s  tend to have pigment c o n c e n t r a t i o n s  ra ngi ng  
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Figure 27. Structure of carotenoids identified in yellow 
Dendrobium petals.
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Figure 28. Structure of chlorophyll a and b. To fora chlorophyll b 
an aldehyde group replaces the methyl group at the C3 atom.
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Figure 29. Structure of coramon flavonolds contributing flower color.
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Figure 30. Absorption spectra of an unknown carotenoid
(Peak A detected in strebloceras) in methanol/acetonitrile
(25:75 V/V) (--- ) and with addition of HCl (--- ) .
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Figure 31. Absorption spectra of an unknown carotenoid
(Peak B detected in D. strebloceras) in methanol/acetonitrile
(25:75 V/V) (---) and with addition of HCl (----).
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Figure 32. Pedigree of D. Alice Queen.
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Figure 33. Pedigree of Amy.
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Figure 38. Pedigree of D. Imelda Romualdez. o
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Figure 40. Pedigree of B, Mary Trowse.
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D. tokai
D. Alice Spalding 
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K. Kan»einoto 1961 D. veratrlfollum
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Figure 44. Pedigree of jD. Ukio.
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